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(57) Abstract 

A method of increasing the bioavailability upon oral administration of a pharmacologically active target agent, particularly an antitumor 
or antineoplastic agent which exhibits poor or inconsistent oral bioavailability (eg., paclitaxel, docetaxel or etoposide), comprises the oral 
co-administration to a mammalian patient of the target agent and an oral bioavailability^nhancing agent (e.g., cyclosporin A, cyclosporin 
D, cyclosporin F or ketoconaiole). The enhancing agent may be administered orally from 0.5-24 hrs. prior to the oral administration of one 
or more doses of the target agent, substantially simultaneously with the target agent or both prior to and substantially simultaneously with 
the target agent. A method of treating mammalian patients suffering from diseases responsive to target agents with poor oral bioavailability, 
as well as oral dosage forms c ntaining such target agents, combination oral dosage forms containing bioavailability-enhancing agents and 
and target agents kits containing enhancing and target agent dosage forms and dosing information for the co-administration f the same are 
also disclosed. 
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2. Description Pf the Pripr Art 

Many valuable pharmacologically active compounds cannot be effectively 
administered by the oral route because of poor systemic absorption from the 
gastrointestinal tract. All these pharmaceutical agents are, therefore, generally 
administered via intravenous or intramuscular routes, requiring intervention by a 
physician or other health care professional, entailing considerable discomfort and 
potential local trauma to the patient and even requiring administration in a hospital 
setting with surgical access in the case of certain IV infusions. 

It has been speculated that, in some cases, the poor bioavailability of a 
drug after oral administration is a result of the activity of a multidrug transporter, a 
membrane-bound P-glycoprotein, which functions as an energy-dependent transport or 
efflux pump to decrease intracellular accumulation of drug by extruding xenobiotics 
from the cell. This P-glycoprotein has been identified in normal tissues of secretory 
endothelium, such as the biliary lining, brush border of the proximal tubule in the kidney 
and luminal surface of the intestine, and vascular endothelial cells lining the blood brain 
barrier, placenta and testis. 

It is believed that the P-glycoprotein efflux pump prevents certain 
pharmaceutical compounds from ihransversing the mucosal cells of the small intestine 
and, therefore, from being absorbed into the systemic circulation. A number of known 
non-cytotoxic pharmacological agents have been shown to inhibit P-glycoprotein, 
including cyclosporin A (also known as cyclosporine), verapamil, tamoxifen, quinidine 
and phenothiazines, among others. Many of these studies were aimed at achieving 
greater accumulation of cytotoxic drugs inside tumor cells. In fact, clinical trials have 
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been conducted to study th effects of cyclosporine on the pharmacokinetics and 
toxicities of pactitaxel (Fisher et aL, Proc. Am. Soc. Clin. Oncol. . 13: 143, 1994); 
doxorubicin (Bartlett et al., J. Clin. One. 12:835-842, 1994); and etoposide (Lum et al. f 
J. Clin. One. 10:1635-42. 1992), all of which are anti-cancer agents known to be subject 
to multidrug resistance (MDR). These trials showed that patients receiving intravenous 
cyclosporine prior to or together with the anti-cancer drugs had higher blood levels of 
those drugs, presumably through reduced body clearance, and exhibited the expected 
toxicity at substantially lower dosage levels. These findings tended to indicate that the 
concomitant administration of cyclosporine suppressed the MDR action of P- 
glycoprotein, enabling larger intracellular accumulations of the therapeutic agents. For 
a general discussion of the pharmacologic implications for the clinical use of P- 
glycoprotein inhibitors, see Lum et ah, Drug Resist. Clin. One. Hemat.. 2: 319-336 
(1995); Schinkel et al., Eur. J. Cancer . 1295-1298 (1995). 

In the aforedescribed studies relating to the use of cyclosporine to 
increase the blood levels of pharmaceutical agents subject to P-glycoprotein mediated 
resistance, the active agents and the cyclosporine were administered intravenously. No 
suggestion was made in these publications that cyclosporine or other substances 
believed to inhibit the P-glycoprotein efflux pump could be orally administered to 
substantially increase the bioavailability of orally administered anti-cancer drugs and 
other pharmaceutical agents which are themselves poorly absorbed from the gut 
without producing highly toxic side effects. Indeed, in the 1995 review paper cited 
above, Lum et al. showed that concomitant IV administration of MDR inhibitors and 
chemotherapeutic agents subject to MDR increased toxicity levels and exacerbated the 
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(perfusion or IV infusion of quinidine suppresses efflux of etoposide into the lumen of 
the G.I. tract from the blood). But these methods suffer from numerous drawbacks. 
The solubility and permeability enhancing agents are often either impractical or 
ineffective for oral administration in the doses required and may interfere with the 
pharmacological activity of the target drug. Parenteral administration of P-glycoprotein 
inhibitors in therapeutic (or near-therapeutic) doses info humans can cause severe 
clinical consequences. In the case of quinidine, for example, IV administration may 
cause arrhythmias, peripheral vasodilation, gastrointestinal upset and the like. 

In published PCT application WO 95/20980 (published August 10, 1995) 
Benef et al. disclose a purported method for increasing the bioavilabifity of orally 
administered hydrophobic pharmaceutical compounds. This method comprises orally 
administering such compounds to the patient concurrently with a bioenhancer 
comprising an inhibitor of a cytochrome P450 3A enzyme or an inhibitor of 
P-glycoprotein-mediated membrane transport. Benet et al., however, provide virtually 
no means for identifying which bioavailability enhancing agents will improve the 
availability of specific "target" pharmaceutical compounds, nor do they indicate specific 
dosage amounts, schedules or regimens for administration of the enhancing or target 
agents. In fact, although the Benet application lists dozens of potential enhancers 
(P450 3A inhibitors) and target drugs (P450 3A substrates), the only combination of 
enhancer and target agent supported by any experimental evidence in the application is 
ketoconazole as the enhancer and cyclosporin A as the target drug. 

When describing the general characteristics of compounds which can be 
used as bioenhancers by reduction of P-glycoprotein transport activity, Benef et al. 
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indicate that th se are hydrophobic compounds which gen rally, but not necessarily, 
comprise two co-planar aromatic rings, a positively charged nitrogen group or a 
carbonyl group - a class that includes an enormous number of compounds, most of 
which would not provide the desired absorption enhancing activity in the case of 
specific target agents. Moreover, the classes of target agents disclosed by Benet et al. 
include the great majority of pharmaceutical agents listed in the Physicians ' IPftftK 
Reference. These inclusion criteria are of no value to medical practitioners seeking 
safe, practical and effective methods of orally administering specific pharmaceutical 
agents. 

A further deficiency with Benet et al.'s disclosure is the standard applied 
for determinating as to whether bioavailability of a drug that is poorly absorbed upon 
oral administration has been Improved. Benet et al. indicate that any P-glycoprotein 
inhibiting agent which, when present in the gut at a given concentration, 
reduces transmembranal transport of Rhodamine 123 by P-glycoprotein in brush border 
membrane vesicles or P-glycoprotein containing cells by 10% or more may be 
considered a bioenhancing agent at that concentration and can be used in the practice 
of their invention. But an increase of only 10% in absorption from the gut of an 
otherwise not absorable agent is inadequate to render the agent therapeutically 
valuable for any purpose, indeed, under guidlines of the Federal Food and Drug 
Administration, two pharmaceutical formulations containing the same active ingredient, 
but differing in their bioavailability levels by -20%/+25%, are still considered 
bioequivalent because for most drugs a -20%/+25% difference in concentration of the 
active Ingredient in the blood is no! clinically significant. Approved Drug Products w ith 
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cyclosporine orally one hour prior to and again immediately after radiolabeled oral 
paclitaxel. 

FIG. 10 is a graph reflecting the levels of radioactivity detected in whole 
blood samples taken over a period of 24 hours from the rats of the second group 
defined with respect to FIG. 8 (administered progesterone orally), a group of rats 
administered radiolabeled oral paclitaxel alone and a group of rats administered 
cyclosporine orally one hour prior to and again immediately after radiolabeled oral 
paclitaxel. 

FIG. 1 1 is a graph reflecting the levels of radioactivity detected in whole 
blood samples taken over a period of 24 hours from the rats of the third group defined 
with respect to FIG. 8 (administered dipyridamole orally), a group of rats administered 
radiolabeled oral paclitaxel alone and a group of rats receiving cyclosporine orally one 
hour prior to and again immediately after radiolabeled oral paclitaxel. 

FIG. 12 is a graph reflecting the levels of radioactivity defected in whole 
blood samples taken from three groups of rats over a period of 24 hours: one group 
administered 100 mg/kg of verapamil orally 1 as an enhancing agent, a second 
administered megestrol acetate (marketed as MEGACE® by Bristol-Myers Squibb 
Oncology) orally as an enhancing agent and a third administered ketoconazole orally as 
an enhancing agent with each group being administered the same oral dose of the 
same enhancing agent one hour later immediately after an oral dose of radiolabeled 
paclitaxel. 



1 As reflected on FIG. 12 the rats in the group receiving high dose 
verapamil did not survive beyond about 8 hours. 
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FIG. 20 is a graph reflecting the m an cumulative % of dose of 
radioactivity detected in th feces and urine of three groups of rats ov r a period of 168 
hours: one group administered only radiolabeled paclitaxel IV, a second administered 
only radiolabeled paclitaxel orally and a third administered radiolabeled paclitaxel orally 
with oral cyclosporins doses prior to and immediately after the paclitaxel dose. 

FIG. 21 is a bar graph reflecting the mean ppm values of paclitaxel 
equivalents detected in blood and plasma from the three groups of rats defined with 
respect to FIG. 20 168 hours (7 days) after administration of paclitaxel. 

FIG. 22 is a bar graph reflecting the mean ppm values of paclitaxel 
equivalents detected in various tissues (liver, kidney, testes and carcass) from the 
three groups of rats defined with respect to FIG. 20 168 hours (7 days) after 
administration of paclitaxel. 

FIG. 23 is a bar graph reflecting the mean ppm values of paclitaxel 
equivalents detected in various tissues (muscle, pancreas, bone, lung and seminal 
vesicles) from the three groups of rats defined with respect to FIG. 20 168 hours (7 
days) after administration of paclitaxel. 

FIG. 24 is a bar graph reflecting the mean ppm values of paclitaxel 
equivalents detected in various tissues (brain, heart, G.I. tract, spleen and prostate) 
from the three groups of rats defined with respect to FIG. 20 168 hours (7 days) after 
administration of paclitaxel. 

FIG. 25 is a graph reflecting the levels of radioactivity detected in whole 
blood samples taken from three groups of rats over a period of 24 hours: one group 
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administered cyclosporin D orally both one hour before and immediat ly after an oral 
dose of radiolabeled paclitaxel, a second group administered cyclosporin G orally both 
one hour before and immediately after an oral dose of radiolabeled paclitaxel, and a 
third group administered cyclosporin A both one hour before and immediately after an 
oral dose of radiolabeled paclitaxel. 

FIG. 26 is a graph reflecting the levels of radioactivity detected in whole 
blood samples taken from three groups of rats over a period of 24 hours: one group 
administered keioconazole orally both one hour before and immediately after an oral 
dose of radiolabeled paclitaxel, a second group administered a combined oral dose of 
cyclosporin A and ketoconazole both one hour before and immediately after an oral 
dose of radiolabeled paclitaxel, and a third group administered cyclosporin A both on 
hour before and immediately after an oral dose of radiolabeled paclitaxel. 

FIG. 27 is a graph reflecting the levels of radioactivity detected in whole 
blood samples taken from three groups of rats over a period of 24 hours: one group 
administered captopril orally both two hours before and immediately after an oral dose 
of radiolabeled paclitaxel, a second group administered cyclosporin A both one hour 
before and immediately after an oral dose of radiolabeled paclitaxel and a third group 
administered orally radiolabeled paclitaxel alone. 

FIG. 28 shows fflhe radioactivity profile from an HPLC-plasma extract from 
the rats in Group C defined with respect to FIG. 5. 

FIG. 29 is a graph reflecting the levels of radioactivity detected in whole 
blood samples taken from four groups of rats over a period of 24 hours: one group 
administered 10 mg/kg of cyclosporin D orally both one hour before and immediately 
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after an oral dos of radiolab led paclitaxel, a s cond group administered 1 0 mg/kg of 
cyclosporin F orally both one hour b fore and immediately after an oral dos of 
radiolabeled paclitaxel, a third group administered 5 mg/kg of cyclosporin D both one 
hour before and immediately after an oral dose of radiolabeled paclitaxel, and a fourth 
group administered 5 mg/kg of cyclosporin F both one hour before and immediately 
after an oral dose of radiolabeled paclitaxel. 

FIG. 30 is a graph reflecting the levels of radioactivity defected in whole 
blood samples taken from three groups of rats over a period of 24 hours: one (Group A) 
administered only radiolabeled docetaxel ("Taxotere") IV, a second (Group B) 
administered only radiolabeled docetaxel orally and a third group (Group C) 
administered radiolabeled docetaxel orally with oral cyclosporine doses prior to and 
immediately after the docetaxel dose, the ordinate of said graph running from 0-12.0 
mean ppm docetaxel equivalents. 

FIG. 31 is a graph reflecting the levels of radioactivity detected in whole 
blood samples taken from the three groups of rats defined as in FIG. 30 but with the 
ordinate of said graph running from 0-2.0 mean ppm docetaxel equivalents. 

FIG. 32 is a graph reflecting the levels of radioactivity detected in whole 
blood samples taken from three groups of rats over a period of 24 hours: one (Group A) 
administered only radiolabeled paclitaxel IV, a second (Group B) administered only 
radiolabeled paclitaxel orally and a third group (Group C) administered radiolabeled 
paclitaxel orally with oral cyclosporine doses prior to and immediately after the 
paclitaxel dose. 
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IDKTAHLED DESCRIPT ION OF THE HMVIgMTIQM 
The present invention pertains generally to increasing the oral absorption 
and bioavailability upon oral administration of pharmacologically active agents, 
particularly agents that are poorly absorbed or not absorbed at all from the 
gastrointestinal tract or gut. The preferred embodiments of the invention pertain to (a) a 
method for increasing the oral bioavailability of antitumor agents, in particular paclitaxel 
(currently marketed as TAXOL® by Bristol-Myers Squibb Oncology Division) and its 
derivatives; other taxanes; the semi-synthetic paclitaxel analog docetaxel (N- 
debenzoyl-N-tert-butoxycarbonyl-10-deacetyl paclitaxel), produced under the trademark 
TAXOTERE® by Rhone-Poulenc Rorer S.A.; and etoposide; (b) dosage forms and kits 
for oral administration of antitumor agents and other drugs heretofore administered only 
parenterally; and (c) methods of treatment of cancer patients with such oral dosage 
forms or combinations thereof. 

The phrases "oral bioavailability" and "bioavailability upon oral 
administration" as used herein refer to the systemic availability (i.e., blood/plasma 
levels) of a given amount of drug administered orally to a patient. 

Paclitaxel is a natural diterpene product isolated from the Pacific yew tree 
daxu§ brevifolia). It is a member of the taxane family of ferpenes. It was first isolated 
in 1971 by Wani et al. (J. Am. Chem. Soc. §2:2325, 1971), who characterized its 
structure by chemical and X-ray crysfallographic methods. One mechanism for its 
activity relates to paclttaxel's capacity to bind tubulin, thereby inhibiting cancer cell 
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growth. Schrff et al M Proc. Natl. Acad. Sci. USA . ZZ:156M565 (1980); Schlff et al., 
Mature . 277:665-667 (1979); Kumar, J. Biol. Chem. . 256: 10435-10441 (1981). 

Paclitaxel has been approved for clinical use in the treatment of refractory 
ovarian cancer in the United States (Markman et a!., Yale Journal of Bioloov and 
Medicine . §4:583, 1991; McGuire et al., Ann. Intern. Med. . 111:273, 1989). It is 
effective for chemotherapy for several types of neoplasms including breast (Holmes et 
al., J. Mat. Cancer llnst. . J&1797, 1991) and has been approved for treatment of breast 
cancer as well. It is a potential candidate for treatment of neoplasms in the skin (Einzig 
et al., Proc. Am. Soc. Clin. Oncol. . 2Q:46) and head and neck carcinomas (Forastire et 
al. Sem. Oncol. . 2Q:56, 1990). The compound also shows potential for the treatment of 
polycystic kidney disease (Woo et al., Mature . 368:750, 1994), lung cancer and malaria. 

Paclitaxel is only slightly soluble in water and this has created significant 
problems in developing suitable injectable and infusion formulations useful for 
anticancer chemotherapy. Some formulations of paclitaxel for IV infusion have been 
developed utilizing CREMOPHOR EL™ (polyethoxylated castor oil) as the drug carrier 
because of paclitaxel's aqueous insolubility. For example, paclitaxel used in clinical 
testing under the aegis of the NCO has been formulated in 50% CREMOPHOR EL™ 
and 50% dehydrated alcohol. CREMOPHOR EL™ however, when administered 
intravenously, is itself toxic and produces vasodilation, labored breathing, lethargy, 
hypotension and death in dogs. Dt is also believed to be responsible for the allergic-typ 
reactions observed during paclitaxel administration. 

In an attempt to increase paclitaxel's solubility and to develop more safe 
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clinical formulations, studies have been directed to synthesizing paclitaxel analogs 
where the 2' and/or 7-position is d rivatized with groups that would enhance water 
solubility. These efforts have yielded prodrug compounds that are more water soluble 
than the parent compound and that display the cytotoxic properties upon activation. 
One important group of such prodrugs includes the 2'-onium salts of paclitaxel and 
docetaxel, particularly the 2"-methylpyridinium mesylate (2-MPM) salts. 

Paclitaxel is very poorly absorbed when administered orally (less than 
1%); see Eiseman et al., Second NCI Workshop on Tax ol and Tamis (Sept. 1992); 
Stuffiness et al. in Taxol Science and Applications (CRC Press 1995). Eiseman et al. 
indicate that paclitaxel has a bioavailability of 0% upon oral administration, and 
Stuffness et al. report that oral dosing with paclitaxel did not seem possible since no 
evidence of antitumor activity was found on oral administration up to 160 mg/kg/day. 
Moreover, no effective method has been developed to enable the effective 
administration of oral paclitaxel (i.e., a method of increasing the oral bioavailability of 
paclitaxel) or of other oral taxanes or paclitaxel analogs such as docetaxel which exhibit 
antitumor activity. For this reason, paclitaxel has not until now been administered orally 
to human patients, and certainly not in the course of treating paclitaxel-responsive 
diseases. 

Docetaxel has become commercially available as TAXOTERE® in 
parenteral form for the treatment of breast cancer. To date no reference has been 
made in the scientific literature to oral absorption of docetaxel in animals or patients. 

Efoposide is a semisynthetic derivative of podophyllotoxin and is used in 



WO 97/llS2(&$> 



21 

fttu® tegitart ©f ©sotneni m)<g©ptatfe do^enies, psirttiouiliiirily gemm osll egifDoetfB (e.g., 
ftsifcytar mnmm>) mn$ small ©ail tog ©ufue©r§ (l@©ter, ^jffiUD_e& n UL 0©. 6, sypp. 14, 
pp. 40-52, 1992). K is i^iluM® do @bhI1 doing© fosro (VEPESID 0 capsulites, Bd§toi4%ar§ 
Sqyobb Grsootegy) buti to mi mmMm^y wdi=iib§©tnb®d ©ra!ly (4h@ mean vniue of oral 
bi©iw§}febi8iity for etopoiHd® ©iipsytei gippms>jrfinn!Sift©8y S0%), 

Cy©tep©triins mm m groyp ©f roimpotetr ©y©ii© ©lcg©p©ptodes (sonm© ©If whoeh 
taws ImmunmuppmwBmt pr©dye@d by fth® g©ny§ log^Mium, hclydSog, ©.g. - 

Mra®riy d@@igsu®t@d as Tffebi^teioM aafecsMMQQi) t 
feEi^fe gjodl ©ter fymgl taperfecii. The irrajor ©onmponent cyclosporin A 
(qf©teip©ri(ma ©r CsA), to§ b®®ffi Sdatmffifed utong w\&b s@w@ral ©titer leaser metabolites, 
for ©HunnpSe, cyclosporins B Hforaugh Z, s©nni© of which ©AM sybstartiulliy D©§§ 
5inn)[nniy[ni©iypp[n§ii5v(i 



an ©yotosg 

ave mho teem prepaid. See g®ini@ifnlilly Jeg©rov <§t si., 
89©5). Ttepmssd 
; iiratogs ©f eyetosg 



Cyd©sp©rte mm muftmi, lip©pMoe, ©yefe yr3da©np(iptid(is wkb motemiw 



W(m§k$M ®? Db®yt 1129©. Ttey ©r© ysodl G(mte^(i[nj©yi[ly ©r ©truly us oinmyrosyppr^iinrts, 
prraiio% fer ©e^pn tenspfeoMto amid ©Brtmln ©ter ©©r^dfens. Cyd©sp©riffis 0 
piirteyterilV ©^©tep©ma (©yetosp©m A), nins taowim 
efffa pump, us well m ©f ©©ihtaon P4S0 d©grad©1tow@ 
!ra<iffis tor mppi)?m§ Ms pmoparSy doimiesilly km® 
feiisMlfty qt mm Istoirv ©p©rov®I. 



nsymss, bus to dnit© in© ©ffedtow 
developed to the poinfi of clinical 



wo s>7/ns2<ss> \?crmwmm§ 

22 

Fmm a mmdhmnMm p©5nt ©f vfew, ©raiy aidmirasftitrad qfctosporin© has the 
potonfel to hhfcit Sto© P^tyroptrotetni pump to flfo© uppetr smai onteito® whieh is the site 
ait ^hfeh m©§S dtrygi ar© ©lb®©in&@d. mtb mk®mnm& MmmMmitmn ©If a doog which os 

oroMb®fe<id) Date q?©fosp©m® c ot 61 mi posifoi© for 6t to appear infect m (that 
ffBgiotni efffflh® gyt wtere dryfp air® sibsotrted. Ater parenteral iidmSsniitofen, 

cydtosporiin)© > ^teoted by Hv®ir arcd dfifetn fthe bote and gjut dcstaiD to this area off 
©pfiomnigiO iibs®(rptii©n. Ohks ©if tte syrpretag dDi©@^ri©i ©ff te owi^ton is tat 
otnnimiyTOsyppoBssootn) ©bsscrwd milk ©nrJaisD aydmponnB os not ooe^raEsabDy Bioted t© 
improvement on oral! totoawatel&iiliy of feErnpeutie ng©oite. Thus, eyd@ip®rimi F ®imlh)an©3s 
the oral bteavaillabHRy ©If pu©Bfe^<iB mm th©yglro„ H(g©©[ndfcg to trdp©rts m the Diteratyr®, it 
dl©^s rot dosptey omraMiypp^ssiwa ndWty. Ste^rt ©ft al. 0 Ifr^n^pteiniMtefm 
EBffi@aap®a 2fi:(Sypp. 3) ®8<B-BB2 (1988); Om^ei-Popem© ®t ®l 9 Imsm^Mim* 

Kdto©®in)f)g@te 01 a wMy ysad grtofycDgul raidiiz©!© d<§wg)tiTO which Unas 
afe© taiim yssd to ©em© ©stoft th© tentm^ot ®f prostate ©airdraraa. Ct<ato©©oi!i}z©Ea 
tai b©Q[m ©town, us ©^e ©ff a<eM^©§, to mm®m® MDR itm hogh^ tmi^Mt kummn KB 
©ireoromii ©sills JStegsmiiflRid ®t al. t U4mtog M a 151 : 48§<4®1„ 118184), tat nDs© mn mbMl 
th© ©^te©!h[r©ro§ [P=4g>® dff^inni®i!alb©[iy inig ©m^pni©i. 

It fam ^ma h&m drnmrnm^ tot maoy phurano^yttooul ntptmti with p©©tr 
©Bui nbsorptta proiffe ©no b© ©fedtety admiiotered ©(M% rath syHd^Emt lystemfc 
nbi©rpto©[ra to ©sdhibiit totniipciyti© n©(*y% teveEs whami gaedl ngpnts nr© ©©^udmioistoc^d 
©trully w°tb ©m& d©g© ©f ©Knfcaoim qf©i©sp©0(nii ©r ©ther ng^^ts kmwn to inhibit th© 
(nmylScdtnusg innosfiaireisa, drag) teinispoft ndS^5t^ ©f to© P^jll^©©protota ooteeifSlyllair pymp f as 



WO 97/15269 PCT/UB96/0B485 

23 

well as certain enhancing agents whose ability to inhibit P-glycoprotein transport has 
not yet been determined. A further surprising discovery of our invention is that under 
some conditions, the oral administration leads to a more favorable pharmacokinetic 
profile, better tissue penetration and higher volume of distribution of the target 
therapeutic agent. 

We have observed in animal studies that certain multidrug resistance 
suppressing agents such as cyclosporin© and ketoconazole, when administered orally 
immediately after and/or before drugs such as paclitaxel and etoposide, increase 
absorption of the latter drugs from the gut to an unexpected and surprising degree 
resulting in therapeutic levels being achieved. It is not at all clear, however, that these 
observed results are due to the suppression of the P-glycoprotein pump. 

Another possible explanation for the observed increased bioavailability of 
paclitaxel and etoposide is that there may be interaction at the level of the drug 
metabolizing enzymes for cyclosporin© and paclitaxel. if is known that both agents are 
highly metabolized by the cytochrome P-450 system (e.g., P-450 3A), which is 
concentrated on the liver as well as the small intestine. If is conceivable that 
cyclosporin© which was administered first may have inhibited these enzymes so that 
paclitaxel, which is non-polar and lipophilic, could be absorbed. In the absence of this 
local inhibition, paclitaxel would be metabolized to more polar metabolites which would 
not transverse the mucosal cells. The failure to demonstrate a pharmacokinetic 
interaction between cyclosporin and paclitaxel when cyclosporin was given 3 hr prior to 
administration of IV paclitaxel suggests that the site of interaction was the gut lumen. 
Even this theoretical explanation does not account for our surprising discovery that 
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certain P-glycoprotein inhibitors (e.g., cyclosporins and ket conazole) increase oral 
bioavailability of specific target drugs to a high degree, whereas other agents known to 
be active P-glycoprotein inhibitors exhibit little activity as oral absorption enhancers for 
the same target drugs. 

This theorized inhibition of gut metabolism of the target agent would hav 
little or no effect in increasing systemic blood levels when the target agent is 
administered intravenously. Moreover, since the primary effect of the oral absorption 
enhancing agent may be a local effect in the gut lumen, subtherapeutic doses should 
be effective in achieving the desired effect. This is an important consideration in the 
case of enhancing agents such as cyclosporins which have powerful 
immunosuppressant activity and can present toxicity problems if administered at high 
dose levels. Our observation that non-immunosuppressive cyclosporins, such as 
cyclosporin F, can still function as an oral enhancer is of great clinical value. 

It is important to note that while we provide hypotheses as to the 
mechanisms of action which underlie our invention, we do not actually know the 
mechanism(s) responsible for the surprising findings discussed herein; and this does 
not impede on© of skill in the art from practicing the invention described. 

The method of the invention for increasing the oral bioavailability of a 
target therapeutic agent with poor oral bioavailability (average or mean bioavailability 
50% or less) comprises the oral administration of an oral absorption or bioavailability 
enhancing agent to a mammalian patient (human or animal) simultaneously with, or 
prior to, or both simultaneously with and prior to the oral administration to increase the 
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quantity and duration of absorption of the intact target agent into the bloodstream. 

The orally administered nhancing agents which may be used in 
accordance with the invention include, but are not limited to t the following: 



Cyclosporins, including cyclosporins A through Z but 
particularly cyclosporin A (cyclosporine), cyclosporin F, 
cyclosporin D, dihydro cyclosporin A, dihydro cyclosporin C, 
acetyl cyclosporin A f PSC-833, SDZ-NIM 81 1 2 (both from 
Sandoz Pharmaceutical Corp.), and related oligopeptides 
produced by species in the genus To pycladiuni . The 
structures of cyclosporins A-Z are described in Table 1 
below. 

Antifungals - ketoconazole. 

Cardiovascular drugs - MS-209 (from BASF), amiodarone, 
nifedipine, reserpine, quinidine, nicardipine, ethacrynic acid, 
propafenone, reserpine, amiloride. 

Anti-migraine natural products - ergot alkaloids. 

Antibiotics - cefoperazone, tetracycline, chloroquine, 
fosfomycin. 

Antiparasitics - ivermectin. 

Multi-drug resistance reversers - VX-710 and VX-853 
(Vertex Pharmaceutical incorporated). 

Tyrosine kinase inhibitors - genistein and related 
isoflavonoids, quercetin. 

Protein kinase C inhibitors - calphostin. 

Apoptosis inducers - ceramides. 



2 SDZ-NIM 811 is (Me-lle-4)-cyclosporin, an antiviral, non- 
immunosuppressive cyclosporin. 
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TABLE 11 
CYCLOSPORINS A-Z 
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Thedosag rang ofth nhancing agent to b coadministered with the 
target agent in accordance with the invention is about 0.1 to about 15 mg/kg of patient 
body weight. "Co-administration" of the enhancing agent comprehends administration 
substantially simultaneously with the target agent (either less than 0.5 hr. before, less 
than 0.5 hr. after or together), from about 0.5 to about 24 hr. before the administration 
of the target agent, or both, i.e., with one or more doses of the same or different 
enhancing agents given at least 0.5 hr. before and one dose given substantially 
simultaneously with (either together with or immediately before of after) the target 
agent. Additionally, "co-administration" comprehends administering more than one 
dose of target agent within 24 hrs after a dose of enhancing agent, in other words, the 
enhancing agent(s) need not be administered again before or with every administration 
of target agent, but may be administered intermittently during the course of treatment. 

The dosage range of orally administered target agents will vary from drug 
to drug based on its therapeutic index, the requirements of the condition being treated, 
the status of the subject and so forth. The method of the invention makes it possible to 
administer paclitaxel orally ranging from about 20 mg/m 2 to about 1000 mg/m 2 (based 
on patient body surface area) or about 2-30 mg/kg (based on patient body weight) as 
single or divided (2-3) daily doses, and maintain the plasma levels of paclitaxel in 
humans in the range of 50-500 ng/ml for extended periods of time (e.g., 8-12 hours) 
after each oral dose. These levels are at least comparable to those achieved with 96- 
hour IV infusion taxol therapy (which causes the patient great inconvenience, 
discomfort, loss of time, infection potential, etc.). Moreover, such plasma levels of 
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paclitaxel are more than suffici nt to provid the desired pharmacological activities of 
the target drug, e.g., inhibition of tubulin disass mbty (which occurs at levels of about 
0.1 [jM, or about 85 ng/ml) and inhibition of protein isoprenylation (which occurs at 
levels of about 0.03 \xM, or about 25 ng/ml) which are directly related to its antitumor 
effects by inhibiting oncogene functions and other signal-transducing proteins that play 
a pivotal role in cell growth regulation. 

If may be suitable in some instances to administer to the subject a higher 
initial loading dose of the target agent to achieve peak blood levels, followed by lower 
maintenance doses. 

Two or more different enhancing agents and/or two or more different 
target agents may be administered together, alternately or intermittently in all of the 
various aspects of the method of the invention. 

The present invention also comprehends methods of treating mammalian 
patients afflicted with cancers, tumors, Kaposi's sarcoma, malignancies, uncontrolled 
tissue or cellular proliferation secondary to tissue injury, and any other disease 
conditions (responsive to paclitaxel, taxanes, docetaxel, efoposide, prodrugs and 
derivatives of all the foregoing, paclitaxel 2-MPM, and docetaxel 2-MPM with orally 
administered dosage forms comprising one or more of those agents. Among the types 
of carcinoma which may be treated particularly effectively with oral paclitaxel, 
docetaxel, other taxanes, and their prodrugs and derivatives, are hepatocellular 
carcinoma and liver metastases, and cancers of the gastrointestinal tract, pancreas and 
lung. Examples of non-cancerous disease conditions which may be effectively treated 
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with these active agents administered orally in accordance with the present invention 
are uncontrolled tissu or cellular proliferation secondary to tissue injury, polycystic 
kidney disease and malaria, including chloroquine- and pyrimethamine-resistant malaria 
parasites (Pouvelle et al., J. Clin. Invest 44: 413-417, 1994). 

The antitumor agents which heretofore were administered only 
parenterally can now be administered in accordance with the invention by the oral route 
with sufficient bioavailability to provide pharmacologically active blood concentrations 
which will be particularly effective in the treatment of patients with primary tumors and 
metastases. The active ingredients will penetrate the gut wall as a result of the prior 
and/or concomitant administration of the MDR inhibitors or other enhancers and will b 
taken up by the portal circulation rapidly, providing a higher local initial concentration of 
the chemotherapeutic agents in the liver (a far higher local concentration than is 
currently achieved with IV infusion therapy) than in the general systemic circulation or in 
most other organs at seven days. Furthermore, it should be noted that the higher levels 
of paclitaxel in the liver after oral administration may not be reflected in increased 
plasma levels because of the high first pass effect of the liver. The method of the 
invention, in selectively producing high blood concentrations of antitumor agents, is 
particularly valuable in the treatment of liver cancers (e.g., hepatocellular carcinoma 
and liver metastases), gastrointestinal cancers (e.g., colon, rectal) and lung cancers. 

Similarly, after oral administration in accordance with the present 
invention higher levels of paclitaxel after twenty-four hours are found (upon tissue 
distribution analysis) in the gastrointestinal tract, pancreas and lung in comparison with 
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any other inactive ingredi nts which are regularly included in pharmaceutical dosage 
forms for oral administration. Many such dosage forms and oral vehicles immediately 
after listings of inactive ingredients therefor are set forth in Remington's Pharmaceutical 
Sciences . 17th edition (1985). Each dosage form also contains a pharmacologically 
effective amount, for example, an effective antineoplastic or tumor-reducing amount, of 
one of the target drugs. 

Precise amounts of each of the target drugs in the oral dosage forms will 
vary depending on the age, weight, disease and condition of the patient. For example, 
paclitaxel dosage forms may contain sufficient quantities of paclitaxel to provide a daily 
dosage of about 20-1000 mg/m 2 (based on patient body surface area) or about 2-30 
mg/kg (based on patient body weight) as single or divided (2-3) daily doses. Etoposide 
oral dosage forms may contain sufficient quantities of etoposide to provide a daily 
dosage of about 20-200 mg/m 2 (based on average or median patient body surface 
area) as single or divided (2-3) daily doses. 

As already indicated, certain of the target agents are commercially 
available in oral dosage forms, despite their relatively poor or inconsistent oral 
bioavailability. For example, VEPESID® capsules are available containing 50 mg each 
of etoposide. 

In establishing a treatment regimen for a particular patient treated with the 
oral, target drug-containing dosage forms of the invention, it is necessary to fake info 
account the increased bioavailability provided by the concomitant and/or prior oral 
administration of the enhancing agents. For example, although the manufacturer- 
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The results of the study are graphically illustrated in FIGS. 1 and 2. FIG 1 
compares all three groups of rats while FIG. 2 compares only the second and third 
groups which received oral paclitaxel. It may be seen that in the absence of 
cyclosporine, the bioavailability of the paclitaxel in serum was less than 1% but it rose 
to 6-7% in the third group which received cyclosporine one hour prior to a 
cyclosporine/paclitaxel combined dose. 

The following Table 2 sets forth data regarding the area under the curve 
(AUC) values determined for the three groups of rats. These data indicate that the 
AUC value over six hours in the case of the third group of rats receiving both 
cyclosporine and paclitaxel was almost eight times the AUC for the second group of 
rats receiving only oral paclitaxel. 



Paclitanel Absolute BfioavaiflaMofy 



AUC^JV AUC^PO 
(ng. hr/mL) (ng.hr/mL) 


Absolute F 


9230° 80 


0.9% 


* AUC value which does not include 1-hr sample point 
"F-lAUCpo/AUC^xlOO 




Paclitemol IratoracfflSora witihi Cyclosporin 




AUCq^, PO AUC M „ PO with Cyclosporin 
(ng. hr/mL) (ng.hr/mL) 


Relative F*** 


80 629 


786% 



P = (AUC p 0 ^cy*»p 0 rtn'AUCp O ) x 100 
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TABLE 4 

Moavsrikbiltty off Pacitaell nnn Plasrama 



Treatment AUC^ F(%) 

IV (Group H) 24280 

IV + CsA Oral* (Group G) 24137 99.4 

Oral + CsA* (Group F) 1097 4.5 

Oral + CsA** (Group A) 1393 5.7 

4 3 hr prior to paclitaxel 

* 1 hr pretreatment with CsA 

** 1 hr pretreatment and simultaneously with paclitaxel 

Eighteen (18) healthy Sprague Dawley rats with the same characteristics 
as those used in the study described in Example 1 were randomly divided into three 
groups of six rats, Groups A, B and C. Group A was administered radiolabeled 
paclitaxel IV; Group B received 3 H-radiolabeled paclitaxel orally; and Group C received 
an oral dose of cyclosporine followed one hour later by a combined oral dose of 
cyclosporine and radiolabeled oral paclitaxel. 
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TABLE §A 

Absorption of total radioactivity after oral administration of 
3 H-Paclitaxel with/without Cyclosporin (CsA) in rats (n=10) 



PK Parami 






Paclitaxel Oral 


Paclita©0 OraO*CsA 


AUCm^O, 


og ®qu5v.h(r/(miL) 


23.® 


H.4 


8.1 


AUCq^OK 


5 atplv.lhir/mL) 


27.4 


4.5 


15.0 


F (%) bass 


idl on AUCo.Mhr 




§.9 


34.0 


F (%) Bsm 


nB on AUC 0-)O 




H6.4 


S4.7 



Paclitaxel Dose = 9 mg/kg 

CsA (5 mg/kg 1 hr prior to and concomitantly with paclitaxel) 
F=AUC craf /AUC h , 
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TABLE SB 



Pharmacokinetic Parameters of Paclitaxel after Oral 
Administration with/without Cyclopsorine in Rats (n=10) 



PK Parameters 


IV Dose 


PO Dose 


PO + CsA 


AUG^, (m hr/raiL) 


20.43 


0.314 


4.27 


AUC 0 ^, {HQ hr/mL) 


21.02 


0.349 


5.41 


F(%) 




1.7 


25.7 


CL (mUhrtKg) 


429 


440 


430 


V (roiUKg) 


4236 


5029 


5958 


11% (hr) 


S.8 (r 2 = 0.95) 


8.1 (r 2 = 0.78) 


9.6 {t 2 = 0.96) 



CL = F * Dose/AUC 
Dose = 9 mg/kg 
FsAUC^AUC,, 
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In rats that were treated in the manner described in Example 3, AUC for 
total radioactivity was determined. Based on the ratio of AUCoral/ AUCiv to infinity, oral 
absorption in the presence of cyclosporine rose to 54.7% compared to 16.4% in the 
absence of cyclosporine (Table 5a). Using a similar analysis for unchanged paclitaxel in 
blood, bioavailability of paclitaxel was 25.7% in the presence of cyclosporine and 1 .7% 
in the absence of cyclosporine (Table 5b). Body clearance was surprisingly similar 
among the three treatment groups. Volume of distribution of paclitaxel was enhanced 
about 50% more in the group that received cyclosporine and oral paclitaxel compared 
to the IV paclitaxel group. 

In Examples 4-5 the following study design was utilized: Sprague-Dawley 
mats with the same characteristics as those used in the study described in Example 1 
were divided onto three groups of three male rats each. All of the rats were fasted 12- 
14 hours prior to dosing. At the end of the fasting period, those rats receiving 
enhancing agents were administered those agents, and one hour later received a dose 
of [radiolabeled ( 3 H) paclitaxel (9 rrog/kg) with concomitant doses of enhancing agent. 
The rats not (receiving enhancing agents were administered the radiolabeled paclitaxel 
after fasting. 

Blood was collected from each animal at 0.5, 1, 2, 3, 4, 5, 6, 7, 8, 12 and 
24 hours following the paclitaxel dosing. Urine was collected from 4-24 hours post 
dose. Total radioactivity in blood and urine was then determined for each rat and mean 
values were calculated for each group. 
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EXAMPLES 

Three groups of rats were administered, respectively, 10 mg/kg of 
verapamil orally, 5 mg/kg of progesterone orally and 10 mg/kg of dipyridamole orally as 
enhancing agents, both alone and one hour later with an oral dose of paclitaxel. A 
graphical comparison of the whole blood concentration-time profile (measured as 
concentration equivalents versus time) determined for the three groups is set forth in 
FIG. 8. The data reflect roughly similar results with the use of verapamil and 
dipyridamole as enhancing agents, with markedly lower bioavailability achieved with 
progesterone. 

FIG. 9 sets forth a graphical comparison between the concentration-time 
profile of paclitaxel determined for the group of rats administered verapamil (10 mg/kg) 
as an enhancing agent with the values determined in a prior study for animals 
administered oral paclitaxel (9 mg/kg) alone and another group administered oral 
cycbsporine (5 mg/kg) both one hour before and again immediately after a dose of oral 
paclitaxel (9 mg/kg). The group receiving cyclosporine achieved far higher blood levels 
than the other groups throughout almost the entire 24-hour period. 

FIGS. 10 and 11 represent parallel graphical comparisons to FIG. 9, but 
with the values for the progesterone-administered group shown in FIG. 10 and the 
dipyridamole group shown in FIG. 1 1 in place of the verapamil group of FIG. 9. 
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FIG. 17 sets forth graphical comparisons b tween the concentration-time 
profit s of radioactivity determined for the group of rats administered 5 mg/kg of 
progesterone in Example 4 and the group administered 5 mg/kg of megestrol acetate in 
Example 5. 

In both FIGS. 16 and 17 there are also shown the same profiles reflected 
in FIGS. 13-15 for study groups receiving oral radiolabeled paclitaxel alone and oral 
radiolabeled paclitaxel immediately after and one hour after 5 mg/kg of cyclosporin. 

Exploration of dose-response data for cyclosporine was performed. 
Increasing the dose to 10 mg/kg and 20 mg/kg one hour before and concomitantly with 
paclitaxel resulted in oral absorption of radioactivity to about 45%. This can be 
contrasted with the findings for ketoconazole in which doses of up to 50 mg/kg were 
given one hour before and concomitantly with paclitaxel and resulted in no further 
increase in oral absorption of radioactivity (see FIGS. 17A and 17B). 

The mean pharmacokinetic parameters for the study groups of animals 
discussed in Examples 4 and 5 are set forth in Table 6. 3 

The data generated by the studies of Examples 4 and 5 and reflected in 
Table 6 and FUGS. 8-17B clearly indicate the efficacy of cyclosporine as an oral 
bioavailability enhancing agent and its superiority to high or low dose verapamil, 
progesterone or megestrol acetate, particularly in the first 12 hours after paclitaxel 
dosing. They also indicate that ketoconazole, while not as effective as cyclosporine. 
also has significant activity in promoting the oral absorption of paclitaxel. 



*The study of Example 4 is id ntified in Table 6 as protocol NP951202, 
and the study of Example 5 is identifi d as protocol NP960101 . 
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TABLE 6 

Mean Pharmacokinetic Param ters For NP951202 and NP960101 



Study 
Protocol 


Treatment 


Dose/Route 


AUCQ-24 
(ugnhr/mL) 


F% 


«1/2 
(hour) 


Cmax 
(ug'eq/mL) 


IMi «r«p IVW 1 
















Paclitaxel only 


9/IV 


32.04 




20.15 


37 




Paclitaxel only 


9/PO 


3.24 


10.1 


18.86 


0.21 




Cyclosporin 


5/PO(c), 


12.02 


37.5 


14.51 


0.82 


















Verapamil 


10/PO(V), 


6.34 


19.8 


24.4 


0.78 




Progesterone 


5/PO(Pro), 
9/P0(P) 5/PO(Pro) 


3.78 


11.8 


20.0 


0.26 




Dipyridamole 


10/PO(D), 
9/PO(P) 10/PO(D) 


6.18 


19.3 


26.6 


0.46 


















'Verapamil 
(animals died) 


100/PO(V). 
9/PO(P) 100/PO(V) 


NA 


NA 


NA 


0.44 




Magace 


5/P0(M). 
9/PO(P) 5/PO(M) 


5.19 


16.2 


23.1 


0.44 




Ketoconazole 


50/PO(K), 
9/PO(P) 50/PO{K) 


8.03 


25.1 


9.23 


0.69 
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Thre groups of three male rats each were fasted 16-18 hours prior to 
dosing. At the end of the fasting period one group of rats was administered an oral 
dose of 5 mg/kg of cyclosporine. One hour later, that group was administered 5 mg/kg 
of cyclosporine orally with 1 mg/kg of 3 H-radiolabeled etoposide orally. The other two 
groups were administered after fasting only 1 mg/kg of 3 H-etoposide IV and 1 mg/kg 
H-etoposide orally, respectively. The procedures for blood and urine collection and for 
determining total radioactivity were the same as in Examples 4 and 5 except that blood 
was taken at two additional intervals from the group receiving etoposide IV, at 0.033 
and 0.25 hours. The resultant data are set forth in Table 7. 

FIGS. 18 and 19 set forth graphically the mean whole blood 
concentration-time profile of etoposide determined for the three study groups. In FIG. 
18 the ordinate scale runs from 0-1 etoposide concentration equivalents (ppm), while in 
FIG. 19 the ordinate scale runs from 0-0.2 etoposide equivalents (ppm) to more clearly 
illustrate the differences between the values achieved for the three groups. 

The data set forth in Table 7 and FIGS. 18 and 19 demonstrate the 
efficacy of cyclosporine as an oral bioavailability enhancing agent for etoposide, 
particularly in the first 12 hours after dosing. 
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TABLE 7 



fttesfi (PharinniacoirDlkorDoliflc Parameters For 



Study 
Protocol 


Treatment 


Doss/Routs 
(mg/ttg) 


AUCO-24 
(ugxhr/mL) 


P/. 


tt/2 
(hour) 


Ctnax 
(ug°®qj/mL) 


NP98010 
2 














Grp A 


Etoposltite 
only 


1/DV 


1.08 




26.5 


2.16 




Etopc&fid® 
only 


1/PO 


0.61 


56.S 


18.1 


0.03 


GrpC 


CsA, 
Etoposld® * 
CgA 


5/PO(C), 
1/PO(P) S/PO(C) 


1.04 


96.3 


18.1 


0.12 
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Ion another series of stydcas, three groyp§ ©f three rate rats each were 
ffusted 16-18 hours prior to dosGrug. At the end of the feistag) period ©sue grayp of rats 
ras administered ao oral d©se of tetcoonazoDe (2 mg/k@). Gme hour lateir, that group 
mm sidminiistered 2 mglkg off tete©onn2®i® ©tfnilly with 1 tnmg/kg ®ff 3 H-radiolsbdted 
©t©p©§id® ©fhIS y. Tite ©their to© groups were teated do the fashion except that 
ttey were iidmMstemd 10 mnd SO tnmg/kg ©ff tetoo©miiiz©8® ( tr®ip©etiw!y ( after feting 
prior t© mnd jyst sifter 3 H-etop©side ©rally- The ptrooedymss for [blood confection sod for 
determining total rad5©giofiovity were Shi© seme m In Erampie§ 4 &nd 5. The reiytant 
date ©re set forth in T&ibSe 7A. Thy§, oom contrast to the ©feat tat cyclosporin© had on 
Fseuriy doubling the ©ml silbsofpton of piiditael^ei/wed radioactivity, tet©e©!n)iiz©te 
iidraototetred ©v@ir si wide mnge ©f doies did not emten©e the oral nlb§®frpti©n ©f 
et@p@icde ©©mpuirdd t© et©p®side ftoime 
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TABLE 7A 



NP960501 

Grp A Etopostde-*- l/EOC2/Ketq) 
ECetoconszole 

GipB Eteposide-i- I/EO(IQ/Keto) 
(Cetoocoszole 

GtpC Etoporide* l/EO(50/Keto) 
Keaio o at ao ie 



0.54 50J9 
0.69 63.95 
0.64 58.91 



0.026 1 47.8 

0X132 24 -91.5 
0.060 4 38.1 



EXAMPLE 7 

An excretion balance study for paclitaxel in rats was conducted. Three 
groups of 4-5 male rats each were fasted 12-14 hours prior to dosing. At the end of the 
fasting period one group of rats was administered an oral dose of 5 mg/kg of 
cyclosporins One hour later, that group was administered 5 mg/kg of cyclosporine 
orally with 9 mg/kg of radiolabeled paclitaxel orally. The other two groups were 
administered after fasting only 9 mg/kg of radiolabeled paclitaxel IV and 9 mg/kg of 
radiolabeled paclitaxel orally. 

The urine and feces were collected from each animal at the following 
intervals: 0-2, 2-4, 4-8, 8-12, 12-24, 24-36, 36-48, 48-72, 72-96, 96-120, 120-144, and 
144-168 hours post-dose. Tissue collection was performed at 168 hours post-dose. 
The procedure for determining total radioactivity was the same as in Examples 4 and 5. 
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FIG. 20 sets forth a graphical comparison of the mean cumulative 
percentage of dose of paclitaxel det cted in the feces and urine of the test animals over 
the 168-hour period. The group of rats administered cyclosporine both before and with 
the oral paclitaxel exhibited a markedly lower percentage of dose in feces than the 
other two groups and a significantly higher percentage of dose in urine, indicating that 
substantially more of the oral paclitaxel diffused through the gut wall and entered the 
systemic circulation of the animals in the cyclosporine treated group. In addition, the 
fed that the percentage of dose in urine was significantly higher for the rats 
administered oral cyclosporine and paclitaxel in comparison with the IV-paclitaxe! group 
indicates that the concomitant oral administration caused a higher concentration of 
radioactivity to pass through the genito-urinary tract. 

FIGS. 21-24 are bar graphs reflecting the mean ppm values of paclitaxel 
defected in a variety of tissues harvested from the rats in the three study groups, Group 
A representing the animals administered paclitaxel IV, Group B representing those 
administered paclitaxel orally and Group C representing the cyclosporine-freafed group. 
These graphs show that the levels of paclitaxel found in the various tissues from the 
rats in Group C were roughly comparable to the levels observed in the rats from Group 
A that received paclitaxel IV t exoept in the liver where the level of paclitaxel was more 
than twice as high in 4he cyclosporine treated group as in the group administered 
paclitaxel IV. The levels detected in the tissues of the rats of Group B (administered 
oral paclitaxel alone) were quite low, in most instances far less than half of the levels in 
either of the other groups. 

The data resulting from this study are set forth in Tables 8 and 9. 
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EXCRETION BALANCE STUDY FOR PAOJTAXEL IN RAT 
J&adaoa&tiviiiy ha. Urine, Feces smd Tissues Expressed as % of Dose (Mem Values) 



GROUP B GROUP C 



Uraa© (g^Q Ig.350 

Feee » 79.660 §4.410' 61.250 

0.600 1.430 

91.670 §1.030 
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EXCRETION BALANCE STUDY FOR PACLITAXEL IN RAT 
Radioactive Residues an Tissues Expressed as PPM (Mean Values) 



91 0.029 

^5 0.025 0.OSS 

Lmg 0.143 0.030 0.136 

Lavesr 0-237 0.074 0.566 

Kidney 0. 2 §0 0.032 0. 11 119 

Muscle 0.(D79 0.025 0.080 

GS Tract 0.OT3 0.021 0.055 

0.037 0.217 



0.0* § 

0.143 0.053 0.099 

0JD8S 0.007 
Spleen 0.101 0.024 



0.022 0.090 

S. Vesicles 0.121 0.024 0.094 

Blood ©J 12 0.034 Q.K06 

0.033 0J24 
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Another tissue distribute study for pacta®! on rats was conducted. Two 
groups of 10 mate rats each were felted 12-14 hours prior to dosing. At the end of the 
fasting period on© group of rats was administered an oral doe© of 5 mg/kg cyclosporin. 
One hour later, that group was administered § mg/kg of cyclosporins orally with 9 mg/kg 
of radiolabeled pacta®! ©rally. The other group was administered after fasting only 9 
tug/kg of radiolabeled paolitaxel IV. 

Tissue coitection was performed at 24 hours post-dose. The procedure 
for determining total radioactivity was the same as in Examples 4 and 5. 

Table 9A refects the pprn values of paelitaxeMerived radioactivity 
detected in a variety of tissues harvested from the rats on the two study groups. One 
©roup representing the animals administered paclitsmel IV and the second group 
inspr®s©initing those administered pacta©! with cyclosporin© given 1 hour prior to and 
immediately after paste®!. The levels of pacta©! found in the various tissues from 
the cyelosporiinie-treated rats were roughly comparable to the levels observed in the rats 
given padtaet IV, <sK©@pt to the spleen, pancreas and gastrointestinal tract where the 
level of padtael was about tofe® as Mgh on the cyclosporine-teated group as in the 
group udnnioistered paditsK©! IV. 

A ©smparisoro ©f uneteiru<id paolitirasl concentrations in various organs 
®fer IV paclaxel atane eorapared to oral paclitaxel given in the presence of 
cyclosporins is shown in Table 9B. IH!o§h®r concentrations off unchanged paclitaxe! after 
©ral administration w®r© found in the lungs and gastrointestinal tract, compared to the 
IV rout© of administration. 
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TABLE 9A 

Ratio of ppm PacDittax I Equivalents on Tassu for Group C and A 

(ftflean Values) 



Tissue 


Oral Dose wStn 
C§A 


IV Dose 


Ratio 


Bra 5 on 


0.267 


0.284 


0.94 


Heairtt 


1.166 


0.576 


2.02 


Lung 


2.076 


1.230 


1.69 


Loveir 


4.328 


3.685 


1.17 




2.325 


1.259 


1.85 




0.951 


0.639 


1.49 


fad TCTSlCft 


1 1 .282 


5.673 


1.99 




0.435 


0.804 


0.54 


Pancreas 


1.999 


0.911 


2.19 


Carcass 


1.043 


0.858 


1.22 


Bone 


1.057 


0.612 


1.73 


Spleen 


3.089 


1.180 


2.62 


Prostate 


2.212 


1.660 


1.33 


SemreinaD 
VesicOes 


1.891 


2.693 


0.70 


Blood 


0.373 


0.401 


0.93 


PBasnna 


0.370 


0.347 


1.07 
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The procedure of Examples 4 and 5 was followed, but the three groups of 
©rally administered respectively 5 mg/kg doses of 
fa G and cyclosporin A, both aloroe and one hour later 
dose of 9 mg/kg radiolabeled pgiclitaxel. FSG. 25 sets 

•time profiles fo 



determined on these three test groups. While ©11 three cyclosporins showed substantia! 
adto^iity on promoting or©! absorption of paclitaell, the cyclosporin D, which has the leas' 
innimiynosypptfBssive activity (Jeffery, gin..BJaribi@m 24:15-21 (1991)), of the three 
us tested, exhibited the gr@atei 



A number of stupes wem ©onduoJed wherein the procedure used on 
Examples 4 and 5 was followed, and groups of three male rats each were orally 
adminfete^d 5 - 10 mmg/kg ©f ^arioys cyclosporins alone and then again one hour later 
tamsdoately after oral cote© off © mgftg [radiolabeled pacleta^dl. Table 10 sets forth a 
rompatriison of AUG and % absorption fern these studies, each identified by a protoco! 
§rbd 
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TABLE 10 

AUC & % Absorption of Various CycO spoirins 



PirotocoD 


Cyclosporin 


Dose 
(nrog/Ctg) 


AUC^ 
(ug°oo. 
ho7on0) 


% 

Absorption 


MP 960507 


A 


2x5 


13.91 


42.1 


960503 


A 


2x10 


10.17 


33.6 


960503 


A 


2x20 


14.63 


48.3 


WP 960507 


Acetyl A 


2x5 


8.39 


25.4 


960507 


C 


2x5 


11.39 


34.5 


960507 


E 


2x5 


5.96 


18 0 


960507 


H 


2x5 


6.00 


18.1 


960507 


U 


2x5 


5.02 


15.2 


IMP 960103 


D 


2x5 


15.92 


48.2 


960103 


G 


2x5 


13.22 


40.0 


MP 960704 


D 


2x10 


14.23 


43.1 


960704 


F 


2 x 10 


11.99 


36.3 


WP 960605 


F 


2x5 


8.99 


27.2 


960605 


Dihydro A 


2x5 


8.5 


25.7 


MP 960801 


Leu 4 


2x5 


7.38 


24.6 


960801 


Dihydro C 


2x5 


13.09 


45.1 
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The procedure ©ff Examples 4 and 5 was followed, but the three groups of 
thtree mate rats eaeh ware ©rally administered re§pedtiv®ly a 5 nig/kg d©se of 
cyclosporin A, 50 m@!k§ ketoeonasoBe and 5 mg/kg ©yclosporiin a plus 50 mg/kg 
ketooonazole, both alone and ©ne bow later immediately after an oral dose off 9 mg/kg 
radiolabeled paditaxel. A graphoea! ©©nmpatrison of the [results achieved is set forth on 
FOG. 26. The grotmp insooSvong the ©©mbinafon of ketooonazote and ©y©tasporin A 
unexpectedly exhibited significantly higher blo©d radioactivity D©v@li over almost the 
14-h©yr period than the groypa treeeiving only ©ne of these enhancing agents. 



The proosdotre ©f Examples 4 and 5 mm followed, bust the three groups of 
4hffig® route rats eaoh w<Bm ©rally administered (HEspeotiveDy a 100 mg/kg d©se ©f 
captoprt both atone and! to© hours teter immediately after an ©nil d©se ©f 9 mg/kg 
radooilabalted padttexel, a 5 mnig/kg d©§® of eyetosporSn© alone and again one hour Hater 
omroediateDy after a S img/kg ©ml d©^e ©ff radi©8abeled paoltecel, and a 9 nnig/kg oral 
dose ©ff [radiolabeled paditael atone. A graphical ©©miparis©n ©ff the resyfe uohie^ed is 
mt forth In FOG. 27. 



The aforedes©[r5bed studies pr©du©td several prevcoysiy unknown and 
ynexpedted findings which &m all ©f gineat scgnifein©© t© the ©linteal management ©ff 
many dkeas®s t partoouladiy vari©ys types ©ff ©an©er; 
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1. Catfteotni MDR (Pijlyooprateifj)) ioMbtas us w©M as other agents oot 
krowni to be MDR oohclbitors cun be administered ©[n% to @flfedfiv@Iy enhance the oral 
biraraoi&biKty of tente©o£ ngirts whioh hnv® drtil now tein administered omly 
puinioteralJy because therapeytfe blmd tavds esumimoll b® itoted ypoo ©r©[ 
^dlmintostefcini. 

2. Cc^gidmorDQgtetosi ©f to ©rteodtnig ^getnits ©f the invsotoon with ft®rg©4 
dnjgjs tewg p@©r ©msi Ibioii^iSgilbilK^ ©@im achieve systaifced btood levels of the target 
drygi ©©mmpgirabte to Shut adhceved with IV ontefeim tfe^py bytt wKlh) a tess abrupt initial 
rise 5n blood levels sod hereae Dsss feltood of to* §5de effects. 

3. The ©rai ©©-admMsttriitfen of the ©mtandng ®g@imte and target drygs 
otnjoff^ii^s the pr@p©irifonate ©otnioainiteitfeini off the £ntrg)©t agp^t in the Oov©r. lung and 
gastoirtesfaa! t&not on ©omparison Mth BV administration, making the novel method of 
admirasteton purtalsitrfy w@M in the teatoent off liver tam©^ and metastases. 

4. AdmMiferfimg ®sd extending agent ©sully prior to admnistiraton ©f 
ronoomtent ©ml d©©©^ of ©^bandog agent and tairget dtryg inotnaaie^ the ami 
feioa^afetbity of the tag)®(t drag to a i8gnfei(n)% hcgter degtnee tetm ©©-admMstratfen 
of fe dnhaneSng and to^@S ©genfe wth to preadmretrafcn ©f emitenoong ©gent This 
rusyfe in piaima CeveHs of fe teirget dtryg madhiing fcifiiperfi© Cevefe. 

5. Cyclosporins, parfcyferiy oyeloipoiriTO A, D and F, are much ra©re 
effedive agjeots for ©intaodinig the bioavailability ©f ant5tym©r agents than MDR 
inhibitors mdfo as v@rsip©mBll and p(r©gester®ne. CCoteooim©^©!!® has donicaliy significant 
©ml bbavaMalbiity^olhatntODoig) native bioft Cess than the q?d®§p©rins. 
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In general, the various aspects of the inv ntion enable and make practical 
for the first time the administrafi n of oral dosage forms of widely used pharmaceutical 
agents, particularly anti-cancer drugs such as paclrtaxel related taxanes and etoposide, 
which until now could only be administered effectively or reliably by IV infusion. The 
use of such oral dosage forms in the clinical management of cancers will promote 
patient comfort, convenience, compliance and safety and result in cost savings to 
patients, hospitals and government and private medical insurers. 

In addition, the teachings of the invention set forth herein provide 
information regarding the selection of target and enhancing agents as well as timing, 
schedules and dosing. This information and the methods and compositions of the 
invention provide clinicians with procedures for sustaining therapeutic levels of drugs 
which require narrow windows of drug concentrations while avoiding unnecessary and 
frequently harmful peaks and valleys in blood concentration levels. In addition, 
increased volume of distribution of paclrtaxel in the presence of cyclosporine, suggests 
more drug would be available for anti-tumor activity. 

Apart from multi-drug resistance resulting from P-glycoprotein encoded by 
the WJDR1 gene, there is another gene which has recently been found to confer a multi- 
drug resistance phenotype on certain laboratory systems: the gene for multi-drug- 
resistance-associated protein, MRP (e.g., Zaman at al M Proc. Natl. Acad. Sci. USA . £1: 
8822-8826, 1994). 

Less is known about this new gene and its protein product, a 190-kd 
membrane bound glycoprotein. Although both the MRP and MDR1 genes encode 
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mmemmbifiimje gDyc©pr©teto that mn act as transp©trfe(FS ©f rmyltip!® drygs, there are 
differences on function, Oik@ly sybsttrates, and prognostic significance between these two 
genes. F©r example MRP but not MDR1 gene expression is a good marker of poor 
clinical ©tuitoonni© In patients wRh neyrobtestomias. The pytatove fly notion off the WJRP- 
related proteins is t© ser^e as gum efita pymp for gluMhione S=e©njygate$. Thus, 
trotecyles that yndeipo glytaMone ©©njygation would [be susceptible to the action of 
the GWRP-insIsted system. 

The ©iral bioavailability of pharaacoiogicaSly active agents (or e^posyre of 
the toimor to sych agents) which ©re sybject to resistance by ft/3RP=related proteins can 
be enhanced by oraMy ©o^dmnistrating MRP oouhSbtors. The preferred embodiment ©f 
thos method ©f incinsasing ©ml bioawiabity is the oml ^minhtrntion ©f one ©r irore 
MRP inhibitors pror to the ©ral (^-administration of ©roe or more MRP inhibitors and ©re 
©it more target agents subject to ft/JRP-inalated resisteinee. 

Bciraptes ®f tat^et agents ©f this type inelyde (byt ame rot limited to) winoa 
aOkateids (e.g., vincristine), anthracyclines, ©pidophyllotoOTS (e.g., etoposide) and 
varoys tananes. Examples ©f MRP inhibitors that ©an increase ©raj bioavailability of 
tauf et agetmts (include, byt nine n©t limited to, cyclosporins, teto©©na2®le and the 
©^pxirimental drags VK-7W and VX-8S3 (Vete Pharaaceyfals^ Ire., Cambridge, 
MA). The staictutres ©f VX°7tO and VX 853, as well as many elated compounds, are 
dfectosed to U.S. Pat Mo. 5.192,773. 

Another meth©d ©f ompr©vong the ©raB bioavailability ©f agents subject to 
MRP-inalated inssistance os to ©©-administer v#h those agents gluMhione or substances 
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which form glutathione^conjugated products which would interfere wilfo the functioning 
of to® MRP system and enhance the absorption ©f the target agents from the gut, or 
increase the systemic exp©sy[re of agents subjected to MRP-related transport. 

Yet another system capable of conferring fimylti-dirug resistance is the so- 
edited! Lung Resistance-Related Protein (LRP), because it was first identified in a multi- 
drug (resistant lung mnoBT ©all Mime. This pratein is the major structural protein ©f the lo- 
cated) vault apparatus, a large abundant cytoplasmic ribonycleoprotein particle, which 
has been conserved from slime moid to man. Inhibition of this system may also 
positively affect oral bioavailability of certain agents. LRP is found in highest 
expression in epithelial cells wsth secnstoiry and excretory functions, as well as in cells 
etoiromtaally exposed to stenobiotics, such as feiraidbM atrad jlDtasflnal Dining ©ells 
(Seheffer et al M jMMyjc^J^lMMo^ , I: S78-S82, 1955). Therefore, this system could ais© 
serve as a tatnget for enhancing oral bioavailability. 

It has thus been shwi that there are provided methods, compositions 
and kotos which achieve the various objects ©f the invention and ^hich are well adapted 
t© meet the conditions of practical use. 

As various possible embodiments might be made off the gibove invention, 
and as various changes might be made to the embodiments set torth above, ot 5s to be 
undteirttood that all matters herein desetrto 
in a limiting §ense. 

What is daimed as new and desired to be protected by Letters Patent is 
set forth in the 1 
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1. A method of increasing the bSoavailabHofty mpoo oral administration to a 
metnniffirDiilloain patient of a pharaaoofiogceaJly active tatrget agent comprising the ©ffBl co- 
administration to the patient ©f the tergeft agetmt and an aim! bioavajlabilily-®nhanciing 
®g@mit seteoted torn the group consisting of cyclosporins A through 2, (Mte-IJ<^4)- 
cyclosporin, dofoydra q?©tep©rin A P dohydfB q?el©sp©rin C, a©%i cyclosporin A and 
reflated ©li©®p<iptQd<ii pm®du©ad toy speeies on She genus IflsigSiAsm. ketocooazoie, 
dex^raipainriiill, amiodaromie, nffedoptoe, re§erpjne, quinidiiinie, iniieardipine, ethaerynic 
giood D prepuferon©, rsserpine, amforide, ©rg©t alkaloids, ©etfopeimizone, tetracycline, 
dhtoroqpne, fosfarnydn, oveinnnieeSiln, taroosdfen, VX-710, VX-853, genisteiin and related 
teofflavonocdSp ©aSph©itt5n, ©^riracdleSp mofplhStne, morphine congeners, ©ther ©pioeds 
und ©pfood amiteigonosfls. 

2. A method acas^ing to daimi 1 wh^^itm the target agent m an antitumor 
©r irfneoptestfe agent which, wham idfmonistered to a human, is ailbsoifted on average 
giboyt 50% or (k§ss fromm the gastroMestiniil tract. 

3. A method a©©@^ong t® daimi 1 whereto the target agent os selected 
(from the gjroyp ©©nesting ©f pacllitoell, dooetael, other ttaxanet, ©toposide, 
d®^®tnm!bo©o[ni p wcristone, d^ynorybooio, mnitetantrone, colchicine, ganciclovir, foseanmet, 
eiraptothedin and ©srapt@fc©on d®riwa]tiw@§. 

4. A method a©e©tfidfcg t© ©tera 3 whetnein the target ag©nt is selected 
tan to gmoup consisting of pacltael, docetarol, other taxare^, etoposide and 
phatnmac^ytSeaDty aeceptatbfe mM ®n$ derivatives th@rd©f. 
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doosteiKal and tteotr 
mn 5 wteraint fflhs® 2'=*? 



selected 
suits. 



6. A uroted according 
ore 2-rnetfoylpyridraum mesylate §alt§. 

7. A frotitod aewdiog) to daimni 1 whstrsoo tte ©nhasidirag agoinit is 



administered ©iter 



a) atamt ©.§-24 hra. before, 

lb) D®§§ ttero 0.5 Jw. tefore, together witlhi or (loss than 0.5 fur. 



<e) both nbmt 0.5-24 hrs. b©fer© nod agim 0®§§ ttatm 0.5 tor. 
tetor©, together with ©r S®§§ ttao 0.5 hr. afer, 



flh® adraniistrafetn) of to® taingdt agpnt 



8. A method ®©mv$m§ to ©Mm 1 wtereon toe psifioeimt m a 

9. A method iioOTrdfag to dlnim 1! whereon the Sa^et agen 
^harainig agent are ®a<Dh admMstered in iaparate ©ml! dteage ferns. 

10. A method ®m@$$m§ to daim 1 ^he^oo fc teg©ft agent and the 



padfeMil. 



©rooraran) ©suii (Qiosiiqe if© 



1 1 . A matted) ©©M^ra to dmimw> 5, ® 0 ©r 1 0 wfoetreoin] the target : 



12. A meted mom^ln§ to ©terns § P 9, ©r 1 0 whereon the target agent m 



13. A m^ted ©©©©(ndtogj to dairas 4, B, ©r 10 rtetih the target agent a 



.im® other thatm pmmmmi ©r ©I ©©di 
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14. A method according to claims 9 or 10 wherein the target agent is the 
2-m thylpyridinium mesylate salt of paclitaxel or docetaxel. 

15. A method according to claims 4, 9 f or 10 wherein the target agent is 

etoposide. 

16. A method according to claims 1, 9, or 10 wherein the enhancing 
agent is a cyclosporin. 

17. A method according to claim 16 wherein the cyclosporin is 
cyclosporin A, cyclosporin D or a non-immunosuppressive cyclosporin. 

18. A method according to claim 17 wherein the non-immunosuppressive 
cyclosporin is (Me-Hle-4)-cyclosporin or cyclosporin F. 

19. A method according to claims 1, 9 or 10 wherein the enhancing agent 
is ketooonazole. 

20. A method according to claim 7 wherein the enhancing agent is 
administered both about 0.5-24 hrs. before and again less than 0.5 hr. before, together 
with or less than 0.5 hr. after the administration of the target agent. 

21 . A method according to claim 7 wherein two or more doses of the 
target agent are administered after a single dose of the enhancing agent. 

22. A method according to claims 1, 9 or 10 wherein the patient is 
administered about 20-1,000 mg/m 2 of the target agent based on patient body surface 
area. 

23. A method according to claim 22 wherein the target agent is paclitaxel. 

24. A method according to claim 12 wherein the target agent comprises 
about 2-30 mg/kg of paclitaxel based on patient body weight. 
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25. A method according to daim 22 wherein the target agent comprises 
stout 20-200 mg/m 2 off etoposHe. 

26. A method accotnding to claim 15 wherein the target agent comprises 
about 50 mg ©ff etoposode. 

27. A method acceding to claims 1, B or 10 wherein the patient is 
sdSmotniDSteinadl about 0.1 to ab©u$ 15 mglkg ©ff enhaodng agent based on patient body 
weight. 

28. A method according to claim 27 wherein the enhancing agent is 
qfdosporimi A. 

29. A method ©os^mdonig to ©feira 28 wherein the enhancing agent 
comprises about 5 tmig/kg ©ff qfd©sp©ffl[ni A. 

30. A method morning to daimnis 1 , 9 or 1 0 whereon the target agent 
comprises about 20-1 ,000 m§fm* ©ff paditaxel or 20-200 mg/m 2 off etoposide based ©n 
patient b©dy surface area and the enhancing agent comprises about 0.1 to about 15 
mg/kg ©f cydosporio A p cyclosporin D s cyclosporin C, cjfdotporiim F, dchydr© cyclosporin 
A, dihydro ©ydl©sp©rin C 0 acetyi e^dl©sp©[rtinj A or tcetoeonazote. 

31 A method according to dura 30 wherein the imgs/t agent ©©niprises 
about 20-1 ,®00 mgim 2 ©ff p&ditif]2£@l aimd the enhancing agent ©©mproses about 0.1 to 
ate©ut 15 mg/kg ©ff cyd©§p@riin) A. 

32. A method aecording to claims 1, 9 or 10 wherein the target agent 
d©sage fonnni, the enhancing agent dosage ff©rm or the combination dosage ffortnn is each 
selected torn the group consisting ©ff tablets, capsules, eaptets, pills, lozenges and 
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Hoqiuid OTHyto&us, syspstnsions or ©Irairs. 

33. A m©£(h©dl moaoT^mQ to dmm 32 wteiroin th@ teygeft ©g@imtt dosage form 
or She combonaffloo doing® ffotnnm eompnses pmdMmi m& n poIy@4hoxylat©d ©astotr ©51, 
gfcotoD or s polyo«y©Jlhiyll®lt©€a sofrfetein) miamo-oteiiS©. 

34. A mtstod ©f teaitog ® mmmm^ton pafert afffflfcted wftfa si dSsaeis© 
reip@os5^e to m phunnnjgiOTlogcralty sidSve ftn^ot argent ©omprisimig fe ©m! eo° 
gidmctroistefcci to pufeirt ©f to ftn&ipt ag@rtt simd gin @ml MommMbMt^^anhmdng 
ng©rtt s©te©£©d from Ufo© graup ©onisiistog of oydoipooros A fttoraugh Z, ([\/J©4te=4)- 
qf©J©ip©oo, doh^ro ©ydosporitm A ditoydtr© cyctosporiini C, &©©fty! cyclosporin A, md 
[rdafedl ©ligopepfliideg predy©sd by ip©d©i in to §mm Im miMiMm * ketooomisiz®!©, 
dswarapgraii!, ©miodgiroim®, (f#©diipoin)© 9 ff©s@i?poin)© B qyiWdSn©, ni<^tndlipire ( ©taciryniiie 
add, propafteorotni©, ^©rpiitnj©, graitoiriidte, ©Fg©fi stal@5d§, ©©fcp©ra2©n©, tetaeydotn©, 
dutoreqyoTO, fesfemyd&i, Hvemrtecfiw, ifem©^OT t W-71Q, VX-853, gentotein md stated 
osoteTOOocds, ralptosto, ©©rainniid©§, mosphiini©, tnrwptwe congeimeirs, ©ter opioids 
©Did ©pc®5d ©[ftegj©[nioifts, 

35. A mottod ©©©©mdtog to dteta 34 wtemaSni to d5s©as© is si omnmT, 
ttoor, reopSnsfc graMhi, ©r ynmnriMted tissu® ©tr ©dlyfer praliifeiraitaini §©e©(n)dai[fy to 
toy® ompfry, ®rn>dl te tianpsJ ng©rt cs mn mUumor m mkmmplm^® agjturt. 

38. A im)©fu©d ©©©©indlipg) to dsm 3§ wtetrani to dosa^s© Ss §©l©dt©d torn 
ft© group ©©rastogi of ©vsitffeini esunnesr,, toms&sfr eamiosir, long ©ufu©©(r p hand nod redk 
(D^treoDDomms, teputeeelDyter e®meiin@inni® f Oiveir TOtete©s s geimto^yTOiify ®md 
giisrarfeaftirai teoft rann]©©in D Kgip©si c i ssiirmnnisi, polyoyste kodrooy diistsas© and materia. 
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37. A m©4hod a©©©rdisD§) to claim 34 wtu@r©iiini Hlhs© targ®i agent is 



38. A method ncrordimg to dmm 37 wfoetreoin 1th© disease is selected from 
tte group consisting of §mm eelO ©araafrs and Sung caoKDars. 

39. A method aerardiimg to elaom 34 wfwein the target agent is setedted 
from the group ©osnsisttomtg of paefeK^fl, d©©eta^el 9 ©tter tanner, ©top©side t 
doxorubicin, ^arQOErSattom^,, daunorybiein, mfaaotron©, ootahidine, garoddoviir, ffosesnnm©t 
©araptothediGT) ©mid (^tmiptotteOT deriivatoTOS. 

40. A method according to cDaicm 39 wlheinein target agent os paditael, 
d©©etaKel ( ©tili©r taxaimes and pfoaraaocsyticallly aecaptabEe safe and derivatives thereof. 

41 . A matted aoootrdong to daim 34 wtetnain ftte eotendsig agent i§ 
©dmioistered efflher 

a) abort 0.5-24 to. before, 

to) 0©§§ $m® 0.5 Gw. before, together with ©r le§§ than 0.5 for. 
atetr, ©r 

c) botfo ab©ut 0.5=24 fors. h®tev& amid again Cass than 0.5 tor. 
tefo[ji© e together with or lless than 0.5 for. after, 
lite administer off tte ttatffet agpfnl 

42. A raitodl ©©©©(nding to dlara 41 ^[herein te ©intending agent is 
adramiisteingd totfo utamt 0.^24 thin, befc^a and again Cess than 0.5 hr. before, together 
with ©r lass than 0.5 hr. afer 1th© administration of Ufa© tatnget agent. 

43. A method ©©©oxrditmg) to dmlm 34 wiherein the target agent and 
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are sotnnji 
45. A method m 



paoMtexe 
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enhancing agent are each administered in separate oral doing© forms. 

to claim 34 wherein the target agent and the 
jether on a combination ora! dosage form. 
4© claims 43 or 44 wherein the target agent is 



46. A method according to claims 43 or 44 wherein the target agent is 



47. A method according to claims 43 or 44 wherein the target agent is a 
taKsine other than paclitoel or docetaxel 

48. A method according to claims 34, 43 or 44 wherein the target agent is 
a 2'«methylpy[ridin5y[mi salt of pacltaei or docetael. 

49. A method according to claim 48 wherein the salt is a 2- 
methylpyridiniigm mesylate salt. 

50. A method according to claims 43 or 44 wherein the target agent is 



51 . A method ncoording to claims 34, 43 or 44 wherein the enhancing 
ug©ot is m cyclosporin. 

§2. A method aewdiifog to claim 51 wherein the cyclosporin is 
mm D ©r i 

53. A method ncra^ding to claim 52 wherein the non-immonosuppressive 
cyclosporin is (Me-!ie=4)<=€ydosp©trin or cyclosporin F. 

54. A method according t© claims 34, 43 or < 

agent is " 
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55. A method according to claims 34, 43 or 44 wherein the patient is 
administered about 20-1,000 mg/m 2 of the target agent based on patient body surface 
area. 

56. A method according to claim 55 wherein the target agent is paclitaxel. 

57. A method according to claim 45 wherein the target agent comprises 
about 2-30 mg/kg of paclitaxel based on patient body weight. 

58. A method according to claim 55 wherein the target agent comprises 
about 20-200 mg/m 2 of etoposide. 

59. A method according to claim 37 wherein the target agent comprises 
about 50 rng of etoposide. 

60. A method according to claims 34, 43 or 44 wherein the patient is 
administered about 0.1 to about 15 mg/kg of enhancing agent based on patient body 
weight. 

61 . A method according to claim 60 wherein the enhancing agent is 
cyclosporin A. 

62. A method according to claim 61 wherein the enhancing agent 
comprises about 5 mg/kg of cyclosporin A. 

63. A method according to claims 34, 43 or 44 wherein the target agent 
comprises about 20-1 ,000 mg/m 2 of paclitaxel or 20-200 mg/m 2 of etoposide based on 
patient body surface area and the enhancing agent comprises about 0.1 to about 15 
mg/kg of cyclosporin A, cyclosporin F, cyclosporin D or ketoconazole based on patient 
body weight. 
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64. A method of treating a mammalian patient suffering from cancer of 
the liw D gastrointestinal tract, pancreas or lungs or fr©m Kap©si c s sarcoma, comprising 
the oral administration to the patient ©fan antotoor or antineoplastic target agent in a 
manner which creates a higher initial teal concentration of the target agent in the 
patterns liver, gastrointeitinal tract, pancreas or lungs than th© Mia! concentration in 
the general systemic delation ®r on other organs. 

85. A method a©c©st)ing t© claim 64 wfoe^in the target agent is selected 
from the group consisting of padtael, docetoel, other taxanes and phannmacewticaily 
acceptable sate and deowattes thereof. 

66. A method according t© claim 65 wherein the target agent is paclte©!. 

67. A method ©©cording to daim 86 wherein the salts are 2-methyl- 
pyndiniym safe. 

©8. A method accoindling t© daim 67 wherein the salts are 2°methyl« 
pyircdiniunn) im®syifit® salts. 

66. A matted! acootnding t© daim (84 wherein th© target agent is ©o~ 
admniinisterad to th© patient with &n oral (bioavaolability-snhandtnig agent 

70. A method accoindfcg t© daim 69 wherein the enhancing agent is a P- 
gSyraproteio onhibtor. 

71 . A rotted! a©o®ind)ing) t© daim 6& wherein the enhancing agent os 
©elected from the grodop consisting of cyclosporins and toit©c©nag©Be. 

72. A method acooindlingi t© daim 7H wherein the enhancing agent is 
cyclosporin A, cyclosporin D e diihydre cyclosporin A, dihydr© cyclosporin C, acetyl 
cyclosporin A or a oon^minniunosejppressiwe cyclosporin. 
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73. A method ©eeomrilDng to dsim 72 whereim the inom-immunosiuppressive 
cyclosporin is (mm&-01©-4)-cydosporiini or cyclosporin! F. 

74. A tnneto©d according to clura 64 wherein the patient is suffering fronm 
d lover cancer selected from the §Toup consisting of si tepeitocdMar carcinomai or si 
timer metetefe. 

75. A method Dccordliog to claim 6® wherein toe enhancing agent is 
gidmiiniiistered ester 

a) ub©ut 0.5-24 hr§. before, 

b) Be§§ theim 0.5 tor. [before, together wito or less thain 0.5 hr. 
©to, ©r 

c) both nbotmt O.S-24 hr§. before amid aggiio less than 0.5 hr. 
bef©re, together w'&k ©r tain 0.5 hr. after, 

toe ©dEmMstifBtQon off toe target ngent 

76. A metoodl ©©cording to ©tera 75 wherein to© ©r more doses off the 
tutrget agent ©re ndlrai tm Sste snsdl ufer n sotmgie d©s© ©f to© ©nbireifiig ngent. 

77. A mseto©d nccordltag to dmm 64 wherdn toe pufeot is si hymaio 



78. An ©ffnD ptewi]ii©aytD©®l d©s@ge foram ©©(nfeotrn'oimg) a (phannnnigieollogccaOS: 
idfi^a target ngerot s^Bedted) fam tte groyp ©©osiifegj ©f pirifael], d©eetaKel fi other 
tenses amd pharasieeytieiiy nceeptalble suits unid deifwut^es toeinsof In ®n amnouinit 
effect© to tre&t a p@cl8fia^®lk®ip@inisiv@ disease yp©n ©ml ©©-udtr 
tnniairamiiam] putient woth no ©ml bteiviiotebiDity @nlhi®inicSinig ngjert. 
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79. A doing® tern erardtog to cteim 78 wteran fthe ptanrooiutiegiy 
D^ptetbte seife ©re 2 0 -m©fthyDpyddl6o8yinni suite. 

30. A dosng© ffonnm sranfeg to cinro 79 whereon the 2'-melhylpyridiniium 
s&its are 2 B Hrn©ftlhiyJpy[rodioiy[nni mtasyfete suite. 

01 . A dosage form according to claim 78 wherein the terget aigainj^ is 
§ete©ted finom t(te group ooosfetiinig of p&cStae] and doosiaKel. 

32. A dosage form ^©eo^ding to claim 81 whereoei tte target agent is 

padloteK©!. 

33. A dosag© fora according to clsiinn 78 wherein the target sgerrt is 




84. A d©sage fotnnm ©©©ording to claim 83 wfattran the target agent is 
padltael S-irnatlraylpyodi^iym mesylate. 

85. A doing© fomn aorordirag to daini 7B wherein the dntanoong ©gert is 
iidmitnfetered ©otter 

a) mbmt 0.5-24 km. feefcng, 

lb) tess than 0.5 for. Ibeibre, together with oir teas too 0.5 dr. 
©ffiar 0 ©r 

©) botfh ®b©yt 0.1-24 hre. tefeine ©md agaiftn) tes§ fihun 0.5 Eur. 
b©fcr©, together wHh or Cais than 0.5 far. nfer, 
the admWitratiioini of the t^rgst ag®nt. 



86. A dosage form according to claim 78 wherein the patient is a human 

pafent. 

87. A dosage fonrn according to daonni 78 wherein the disease is selected 
from the group consisting of ommn cancer, breast caocer, lymg cancer, head and neck 
cardtmomsis, hepatocellular carcinoma, liver (metastases, genitourinary or 
SssflaroDimftesftoinial teat mm&m, Kaposi's sarcoma, yncontolled tissue or cdlwlar 



88. A dtosag® ffomn according to eJaira 78 which contains about 20-1 ,000 
ig/m 2 off the target ©gent based on &mm\§e ©r median patient body surface area. 

89. A dosage form according to daim 78 whereon the target agent 
3innipir6§®s about 2=30 nmg/kg of padlitae! based on patient body weight. 

90. Aim ©ffnO pharmaceutics}! dtosag® form oooteoinionig a pharmacologically 
etedtedl fern the grot* 

ptanmaceutocally acceptable salts and derivatives thereof in an amount effective to treat 
®n atopossde^respotnisDV® dfe<ias<i (mp©n ©rat ©^administration t© a mammalian patient 
wlh an ©ral bioavailability enhancing ©gpnt 

8)1 . A dteag© f©rm nccotnding t© dlaim 90 wherein th® target agent is 



12. A dteagj© form ©©©©filing t© claim 90 wharan the enhancing agent is 



b) less than 0.5 hr. baffore, together with or less than 0.5 for. 
afer, ©r 



IPCT/n TOMMYS 



c) balk mboui 0.5-24 furs, before ©md sgsion teas than 0.5 hr. 



together with or less 
ne sidmiiniiistatoo of the tepgeft sg@init 



us ® humain 



94. A doing© fcra ©oeortloog to dmim 80 whetreSo the daseuse 5s selected 



© group OOOi 



95. A d©sn©e foEnnm EOCTtrdimigj to dsom 94 whereon toe tesget ugentt 
c©mpros©s ab©yt 20-200 m§lm z ©f et©p©scde based ©o patient body weight. 

96. A dos&ge fop™ a©Dordoin@ to dermis 78 ©r 90 wheraemi the eoteodog 



§7. A d©§age foswii ©©©©mdipg to d&m 
j@mite seiedied torn the groyp ©©oiisfeg ©f cydoi 



2, giieefi^l eyd@ip@iriiini A, and 
EaEB^S^taai teto©©in)ii2©l!e ? 



ucveirsipgraiil, irafedaroinie, nifedipine, msseirpiimi©, 
, propafenone, ma§eqpte p iratoirode, mi 



©pmmmm, teraeydoin)©, 
, gjeofetein nmd 



©reqyone, roiitemygtini, ov©in 
o§©few©n®5ds, ralphostiln, ©trades, TOrphone, morphine ©©ngendins, ©their ©pfocdls 



QPODqI m 



98. A d©ssige f©mm ^©©©rdimig to dmm 97 wherein the enhginoiing agent is 
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99. A dosage form according to claim 98 wherein the cyclosporin is 
cyclosporin A, cyclosporin D or a non-immunosuppressive cyclosporin. 

100. A dosage form according to claim 99 wherein the non- 
immunosuppressive cyclosporin is (Me-lle-4)-cyclosporin or cyclosporin F. 

101. A dosage form according to claim 97 wherein the enhancing agent is 

ketoconazole. 

102. A dosage form according to claims 78 or 90 which contains about 
0.1 to about 15 mg/kg of enhancing agent based on patient body weight. 

103. A dosage form according to claim 102 wherein the enhancing agent 
comprises about 0.1 to about 15 mg/kg of cyclosporin A, cyclosporin F, cyclosporin D or 
ketoconazole. 

104. A dosage form according to claim 103 wherein the enhancing agent 
comprises about 5 mg/kg of cyclosporin A. 

105. A dosage form according to claims 78 or 90 which is selected from 
the group consisting of tablets, capsules, caplets, pills, lozenges and liquid solutions, 
suspensions or elixirs. 

106. A dosage form according to claim 105 which additionally comprises 
a pharmaceutical^ inert excipient, vehicle, filler, binder, disintegrant, solvent, 
solubilizing agent, sweetener or coloring agent. 

107. A dosage form according to claim 106 which comprises a taxane 
and a polyethoxylated castor oil, alcohol or a polyoxyethylated sorbrtan mono-oleate. 

108. An oral pharmaceutical dosage form containing a pharmacologically 
active target agent and an oral bioavailability enhancing agent. 



10®. A dtesaiip tern ®©e@indinig to ©tera 108 whamEo fc snhaooiog ag/©nt 
is © P-@ ^©©prntoin inMbiifag m§mt 

1 10. A dfos&g© torn to ©3nra 108 wSusmin ftto® ©(mhasDcimig ©g@rrt 
is §©te©!ted frtfm eh© gramp ©©og&stog ©ff o^©3©sp©r5os A fflroyglh Z, (Rfl@-IIi®-4)- 
q^dospootm, dituydlro oy©[©sp©[rf[n] A, dohydir® qf©B@^p©r5(n C, n©©fty[] ©ydosporin A, siod 
difuydir© toyotesp©™ A, dihydtr© qfdospoiroo C„ &©®tyi cydospootni A f dihydr© ©yetospotnim 
A, dfc^dro o^etep©™ G, ®w§?l aydmpom A, mnd trsteted ©Mg)©p@ptlcd®§ pr©dyced by 
§pddi<i§ fiinj te gamiya 3femrtflME0i s Iketooeni^©!!©, dceweriipiiral, sra©dirore, 
nifedipine, mii©iripra p qiyonMni®, raratrdopiTO, ©ta©rynii<s ©did, propufferon®, mss@irpiini@ f 
wmto\M<® 9 ©inpt iifetoids, mfi©po;Mmm 9 MraoydUo®, ©lhfo[F®qyte, fcsfosmiyeiiin, 
ovQinnni©ofiiini B tennm©Kfeni 0 VX-710, VX-©33 0 ©©roteteiiin) OTd mafeited isofewfwids, enlpfio^n, 
©^iimidcis, m®irp!hoinj® 0 mopfftfa© ©©^g©o^(n fl ©feir ©pfoidi nod ©pi®id ©[rtegontstis. 

1 1 1 . A d®i©g(i torn aorardotmg) to ©team 1 0S ^fe[r<iiin) fe Km§et gig^nt is 
idCddtdd] itomni ffiu® groyp ©Msiistog ©1? pseBte©!!, d©c®ted, ©ftteir teamse, ®tep©s5d<g, 
d©«y[bc©fa s ^9(nj©[r5^ftoo® 0 diiy[n]©[ry[b)5ea[ni D miitaartroin)®, ©®Behc©ifi]@ 0 pM©l©w 9 fbseanmot, 
©iraptMteOT and trannptofcdsn] d(i[Wi#tf©§. 

1 12. A dosngti fesro ®&&m$in® to ©lnim 111 wltefdiEn) finest agert is 
sifedtedl from te groyp f^rasfeg) ®tf pndtet<s3, d®©©tadS, ©toir tenim©i, etop©scde 
©insdl pte(rm)§]©iyf&§Iy n©©©pfe[bte lufe ©cud dQMte teo^oiL 

1 13. A do^sp tern ^©©onrdpg to data 112 w^ini iiini te finirg©4 ng<srrt is 
sdil<§©todl from fflh® gr®yp ©©tniibStog ®tf p®eltad, dooatoal md 2-metthy3pyridisiDym sate 
tShx§o®©(?. 



114. A doing)© fomnm noOTrding to cteim 113 mtetreiim 1th® 2°- 

afe utr© 2 -md%3p^ 
1 US. A dl@§®g® fera n©©©mdfog to ©feim 113 whe^ta flh@ tenrg@t gigertt is 

1 16. A dten<p torn neeotndlhg to dsiim 113 wfwcgh fc tetrgiei agent is 

1 17. A dteng)© fcra ©©©©tndfag to ©team 112 whmmn ftfo© tonsil m§mi is a 



1 18. A dto§ng)<f fera ©©©©t^iiog to dura 112 ^terete fth@ ft§iifg|®tt Dgert is 



1 1 9. A dte^ncp form ©©©©f^ira to 



120. Adlesi^id 



otf^ta to ©teim 11? 



121 . A dteng© feonm Dooomdfag to ©lira 12® wteinsoni lite hot- 
mroiypptnisicwi <^d®®p©[riiin) cs (SW©=OI!!iHft)^d@ip@iriini ©ir q/d®sp©[rih F. 

122. A dtoiDg® form ©©©©inofeg to dura 11® mtetnsio lite (iFohOTdog ®p 



©©©nji^pij©. 

123. A dteng]© ttemnn iio^Efiatag to dura HO® m7!ufeh) ©©nftite Dteyft 20° 
m<§}m % ®tf to teff^pt ®§®nt ©mi aMsmg© ©r msdouini pufenft [b©% syf?f}©<© 

124. A dteng© fora ©©©omdliog to claim 123 wtereitm tte tergeft mgmnt i 



pudtasl 
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125. A teiig© flora neeoindtag to dtora 115 whioh ©©nniprises about 2-30 
mg/kg of psidte^H bused m pgifertl body wecgjbi 

126. A dtosngp femnm DOOT^ong to dura 123 wterao te tetrg^t Bigmt 
compmm about 2@°2©0 mmg/m 2 ©f ©to|po§id®. 

127. A dtengp form momMmg to dmim 118 wbmb mmpmm ®h@ut §0 mg 

of atep®!odd. 

128. A dosag® form ®m@Mm§ to <sO©im 10® wkidn eompfrtes albouft 0.1 to 
gfeouft H§ rng^cg off ©otenidrog sgdinrtt bu^ad m pufeirt body w®ogfot 

128. A d©sngp town ®@m\r$m§ to ©teem 128 wte^h te anhandog agent 
5s ©5foD©sp©riin) A. 

130. A dtei|p femm ©©©©[ndotnig to ©feta 12® wfo5©fa <asmpri©®§ mho^A § 
mnig/Ecg ©ff qfcto^porio A. 

131 . A d©©Dge form ©©©©mdliinig) to dmim 108 whereh fflft® teen©!! ngent 
©©mprisai ®b©yfi 20-1 ,@©@ mg/tmi 2 ©f pmdfad qt 20=200 m§im 2 of <M©p@s5dte fa®w,®& on 
pufertt b@dy sytrto© ©tm© ©tnsd te ©otaoetog @gj®iniS ©®mnspirti®@ nb©(m£ 0.1 to nbouiti 15 
m§ik§ ©f ©y©tosp©ra) A, ©^©ip©* F, q/otogp©m D ©tr k^temnrndi® b@s©d on pufert 
tedy weight 

132. A dos^gp femnm mm@T$m§ to ©Into 131 wbcirfito teffg®8 ©gtirt 
ranniptro^i abort 2(M P ©00 (amg/m 2 ©f putslte^Di a^d te ©tnterainig ©jprot ©©mposas 
aboyft 0.1 to nb©yS US mg^g ©f ^©tepom A. 

133. A doing® fomnm ®®mv&in<§ to dsoinni 108 wbmb m ^©l©dted firomni fc 
groyp ©©o§E§tog) ©f ftubtets, ©fpsiultes, enptete, pi§„ i@mn§m nod loqpd s©iytoin)&, 
syj^pniniscoinig @ir dtifete. 



134. A d©§u§)® fora aerandlong to d®m 133 which siddifcralDy comprises 
e pthgi(nnnao©yto^Dlly inert ©raptenift, wife!©, filter, bender, dci 
sollybofeiirog ©gert, ^wa^temietr ©r ©oBoiroog) agdimt 

135. A dteiig© torn nocordiiog to dteimn t 
mnd @ p©fy©1ItoKytetod rastor oil, ^BoothioD ©r si polyo^tuyli 

1 38. A (phg}(nnn)i}©©y^oeiiO d®©ag® torn ©©mipritei 
ai(n]to©©pfeifc ngeoft §©J<i©M from fe group ©©reostog of ( 
tenin]©§ md pbmmmm^M^mi^ &WBp^M& mM> and d©riwa1fiy@§ thereof, said dossge 
fetnnm teihg mMU<® Hot ©mi ndtnmiote&ufcint to n pufeoi syferfng tan caoegiM 
uini ©fffed^e iiinitKynn)©^ ©r ©nto®®p(teifc bl©©d ©od fesue i 

137. A <dtesi§© fomnm ©©oomdloogj to ©lura 136 ' 



A dtesng© fomm @©©®fid)iiinig to dimn 136 wteraim fflhi© sate aire 2'« 



139. A dteng© fora ©©©©f^lotnig to ©taonn 13® wharap l-mnxsthyt- 



fe sir© 2 ^metiiyDpyTODOiiyinni mmesyiiaiss min®. 
140. A d©m§ © f©ra ©©©oindtag to ©teom 13® 
King ©if Sufefe, ©Dpscyifei, ©uptete, pl§, tozm^ 



mwpmn^m'm ©r ©Msdirs. 



141 . A dlo^ngj© form ©©©©irs1oo§ to ©teitn 
fing ngetnii ^^©teini^r ©tr ©©Items sjpmit 



WO 97/15269 

88 

142. A ptamii)©Byfai kit to ys©d on the teataert of manraaSian 
pafeote syfering from si OTndffion ir<u§p©nsEv® to a pfoatnrna©©teg)i©i]t!y active agurts 
whose oral bioevai[abi% is onc?®a®@dl by fflhs® ©nsi €©^droGnis«@o of a bioavailability 
enhancing agenS, ssiOdt ki£ comprising sm ©mi d©sag© f©m containing an enhancing 

agdrt and em ©mi dosage fem ©onterang a {target ag©n£, ©r gin ©m! d©^ag© form 
containing both so ©oharatnig agant and a tenrgei agent. 

143. A Mft a©§©[ndong to ©laim 142 wGuooh additionally teflyd©§ as an insert 
printed d©§cng onfcraaifcn feirfc co^dmineslralbn of fihe enhancing nod £a^)©t agdrts, 

144. A ket according to ©teim 142 wter^in the ©nlhandng agsnt and the 
target agent ams e@ntain<id on ©epai^© ©oral pharmaogyfel doing© fcras. 

145. A (kit ©©©otndlong to dtara 142 wteran the dmhanOTig agent and the 
ftatrgjoft agent are ©©ntnoned Sn the mm® romtbinaton ©trail dosage femnm. 

146. A kit aeroifdong to ©Bairn 142 ^teiniin She enhancing agerft is a P- 
glycoprotein inhibiting agiet. 

147. A [kit ©©©©idling to ©feinm 148 wheir®in the enhancing agent is a 
©y©to§p®riin ©r k<§to©©na2©[]e. 

148. A Cdt ®w@Mm§ to ©taim 147 wteinlin the ©nhandng agent o@ 
c^d©sp©rin A, q;dl©gp)©dn D, dlch^dlir© q/dl©ip©nn A 0 dohydim) q/©tesp®trin C, a©i%S 
©y©tep©nn A ©r a ^©[nhra^yTOgyppotgssove ©yd®ip©[riin. 

14®. A Mt ©©©©trying to ©teem 14® wtetnsin to n©e4tan)myn©syppresso^e 
q?©J©§p©rin m (Me°0Ce^)^d©§p©» ©r cyelosporimi F. 

11 SO. A M ®®m\F&m<§ to ®Mm 142 whetrein the tairget agent ©oirnprifees an 
QiSgdite antitynw ©r aimfce©pDaife anwnt ©f an antStytnw ©r antineoplastic agent 



51 . AW m€m^\ln§ to &Mm 150 ^Swot (faucet os letected 



mn§ ©if pm\m8z<Bl mmmmi 
phsinnniiio^ytQOiillly ©©©epteilbfe site and d©rivgi18v©§ 

152. A Cc58 giooo^hg to dim 151 wfad 
fom fflte §r®yp ©©(rmfetog ©f p§idita<ill P d!©©itosl hi 

153. A M ©©©©(ndtog to ©5®mnj 11 §2 wM 
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Gl TRACT HOMOGENATE 
5l06lg 
TRR*5 35ppm 



CENTRIFUGE 
AND DECANT 



SUPERNATANT 
% TRR -86.9 
TRR- 4 .65 ppm 



PELLET 



EXTRACT 2x WITH 
ETHYL ACETATE 



ADD 25mL ACETONE 
SHAKE 1 HOUR 
CENTRIFUGE AND DECANT 



ORGANIC PHASE 
% TRR' 65.3 
TRR* 3 49 ppm 



AQUEOUS 



COMBINE 



ADD 1 N HCL 
pH-2 

EXTRACT 2k 
WITH ETHYL 
ACETATE 



ORGANIC PHASE 

7.TRR-8.7 
TRR- 0.467 ppm 



AQUEOUS 



ORGANIC PHASE 
% TRR- 9 8 
TRR' 0.521 ppm 




PELLET 
% TRR- 3 1 
TRR *0!70ppm 




CONCENTRATE 

BY ROTARY EVAPORATION 


ORGANIC PHASE 

% TRR- 9 8 
TRR-0.526ppm 






CONCENTRATE 
WITH N 2 (g) 



ADD IN NgOH 
pH-IO 

EXTRACT 2x WITH 
ETHYL ACETATE 



HPLC 



ORGANIC PHASE 

% TRR « 1.7 
TRR -0.089 ppm 



1 



AQUEOUS PHASE 
% TRR- 1 1.3 
TRR =0.604 ppm 



DRY WITH No 2 S0 4 

CONCENTRATE BY ROTARY 
EVAPORATION 



ORGANIC PHASE 
% TRR- 68.3 
TRR-3.65ppm 



0 



CONCENTRATE 

N 2 (g) 



WITH 
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Gl TRACT HOMOGENATE 
5.l746g 
TRR= I0.6pprr, 



CENTRIFUGE 
AND DECANI 



SUPERNATANT 
% TRR » 89.1 
TRR- 9.5ppm 



PELLET 



EXTRACT 2x WITH 
ETHYL ACETATE 



ADO 25 m ACETONE 
SHAKE ! HOUR 
CENTRIFUGE ANCCECANT 



ORGANIC PHASE 

% TRR* 72.6 
TRR = 7.70 ppm 



AQUEOUS 



COMBINE 



X 



ADDINHCL 
pH-2 

EXTRACT 2x 
WITH ETHYL 
ACETATE 



ORGANIC PHASE 
'/.TRR. 9.1 

TRR- 0.96 ppm 



AQUEOUS 



ORGANIC PHASE 
% TRR= 19 6 
TRR- 2.1 ppm 




PELLET 
% TRR- 6 6 
TRR -0 70 ppm 




CONCENTRATE 

BY ROTARY EVAPORATION 


ORGANIC PHASE 
% TRR- 19.0 
TRR -2.02 ppm 






CONCENTRATE 
WITH N2 (g) 



I 



HPLC 



ADD IN NoOH 
pH-IO 

EXTRACT 2 x WITH 
ETHYL ACETATE 



ORGANIC PHASE 

% TRR • 2.3 
TRR -0.244 ppm 




DRY WITH No 2 S0 4 

CONCENTRATE BY ROTARY 
EVAPORATION 



ORGANIC PHASE 
% TRR- 72 4 
TRR • 7.68 ppm 



CONCENTRATE WITH 

N 2 (g) 



FIG, 37 
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CENTRIFUGE 
AND DECANT 



r 



25%ACN 
SUPERNATANT 

% TRR = 260 
TRR=0.34I ppm 



PELLET 



REMOVE ACN 
UNDER N 2 (g) 



EXTRACT 2x WITH 
ETHYL ACETATE 



ADD 25 mL ACETONE 
SHAKE 1 HOUR 



CENTRIFUGE AND 1 



ECANT 



ORGANIC PHASE 
% TRR* 9.2 
TRR -QI2I ppm 



AQUEOUS 



COMBINE 



ORGANIC PHASE 
% TRR = 68 9 
TRR = 0904 ppm 



ADD 1 N HCL 
pH- 2 

EXTRACT 2x 
WITH ETHYL 
ACETATE 



ORGANIC PHASE 

% TRR -5.4 
TRR =0071 ppm 





CONCENTRATE 

BY ROTARY EVAPORATION 



ORGANIC PHASE 
% TRR -66. 6 
TRR-0874ppm 




V 

HPLC 



CONCENTRATE 
WITH N 2 (g) 



ADD IN NoOH 
pH-IO 

EXTRACT 2 x WITH 
ETHYL ACETATE 



AQUEOUS PHASE 
% TRR - 7.8 
TRR* 0.102 ppm 



DRY WITH No 2 S0 4 

CONCENTRATE BY ROTARY 
EVAPORATION 



ORGANIC PHASE 
% TRR- 12.9 
TRR-O.I69ppm 



V 



CONCENTRATE WITH 
N 2 (g) 
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LUNG HOMGGEXATE 

4.43l6g 
TRP=2.33 ppm 



CENTRIFUGE 
AND DECANT 



257.ACN 
SUPERNATANT 
% TRR =28 6 
TRR»0665ppm 



REMOVE ACN 
UNDER N2(g) 



PELLET 



EXTRACT a WITH 
ETHYL ACETATE 



ADD 25nl ACETONE 
SHAKE 1 HOUR 
CENTRIFUGE AND DECANT 



ORGANIC PHASE 
% TRR- 1 1. 5 
TRR=0268ppm 



AQUEOUS 



COMBINE 



ADD 1 N HCL 
pri»2 

EXTRACT 2x 
WITH ETHYL 
ACETATE 



ORGANIC PHASE 

% TRR =7 .2 
TRR -0.168 ppm 



AQUEOUS 



ORGANIC PHASE 
% TRR = 77.9 
TRR = 181 ppm 




PELLET 
%TRft-36 
TRR =0084 ppm 




CONCENTRATE 

BY ROTARY EVAPORATION 


ORGANIC PHASE 

% TRR -74.3 
TRR -1.73 ppm 




HP 


CONCENTRATE 
WITH N2 (g) 

1 

LC 



ADD IN NoOH 
pH- 10 

EXTRACT 2x WITH 
ETHYL ACETATE 



ORGANIC PHASE 

% TRR -0.8 
TRR-0.018 ppm 



AQUEOUS PHASE 
% TRR -5.2 
TRR '0.1 22 ppm 



DRY WITH No 2 S0 4 

CONCENTRATE BY ROTARY 
EVAPORATION 



ORGANIC PHASE 
% TRR« 17.0 
TRR'0 396ppm 



CONCENTRATE WITH 

N 2 (g) 
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LIVER HOMOGENATE 
5.10479 
TRR'3. 70ppm 



CENTRIFUGE 
AND DECANT 




PELLET 



ADD 25 mL ACETONE 
SHAKE 1 HOUR 
CENTRIFUGE AND DECANT 



ORGANIC PHASE 
%TRR-32.3 
TRR-I.l9ppm 



PELLET 



CONCENTRATE BY 
ROTARY EVAPORATION 



ORGANIC PHASE 
% TRR =34.1 
TRR'j.26ppm 



ADD 25 mL ACETONITRILE 
SHAKE 1 HOUR 
CENTRIFUGE AND DECANT 



is 



CONCENTRATE 
WITH N 2 (g) 



ORGANIC PHASE 
% TRR- 2. I 
TRR -0.08 ppm 



HPLC 



PELLET 



ADD 25 mL METHANOL 
SHAKE 1 HOUR 
CENTRIFUGE AND 
DECANT 
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LIVER HOMOGENATE 
5.l458g 
TRR-4.53 ppm 



CENTRIFUGE 
AND DECANT 



25% ACN 
SUPERNATANT 
% TRR-50.2 
TRR=2.27ppm 



HP 



PELLET 



LC 



ADD 25mL ACETONE 
SHAKE 1 HOUR 
CENTRIFUGE AND DECANT 



ORGANIC PHASE 
%TRR-3I.I 
TRRH.4I ppm 



PELLET 



CONCENTRATE BY 
ROTARY EVAPORATION 




ADD 25mL ACETONITRILE 
SHAKE 1 HOUR 
CENTRIFUGE AND DECANT 



CONCENTRATE 
WITH N 2 (g) 



ORGANIC PHASE 
% TRR* 2.4 
TRR=0. 1 1 ppm 



HPLC 



PELLET 



I 



ADD 25 mL METHANOL 
SHAKE 1 HOUR 
CENTRIFUGE AND 
DECANT 



ORGANIC PHASE 

% TRR* 6 .1 
TRR -0.28 ppm 



PELLET 
11.9 

TRR* 0.54 ppm 



% TRR 
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